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PHYSIOLOGY 


CONDITIONED REFLEX CHANGES IN THE MOBILITY OF THE COLD 
RECEPTORS IN THE SKIN 


Z. P. Belikova 


From the Chair of Normal Physiology (Head - Prof. P. G. Snyakin) of the Moscow Medical Stomatological 
Institute (Director-Docent G. N. Beletsky) 


(Received June 21,1955 Submitted by Active Member of the Academy of Medical Sciences of the USSR, 
V. N. Chernigovsky) 


Study of the process of the functional mobility of the thermoreceptors in the skin, expressed as variations 
in the number of active elements, showed a complete correlation between the “accommodation” reaction of 
the given receptors and the conditions of the medium surrounding the organism. When the external temperature 
is lowered, the number of cold receptors which are active at a given moment increases; increasing the temp- 
erature involves a decrease in the number of active cold receptors, 


An investigation of the functional mobility of the heat receptors in the skin, carried out by O. D. Kolyutskaya 
also established the dependence of the mobility of these receptors on the temperature fluctuations of the surround- 
ing environment, In this case, increasing the temperature causes an increase in the number of active heat ele- 
ments, while lowering it causes a decrease, Even insignificant temperature fluctuations within the limits of one 


degree in either direction cause quantitative changes in the active cold and heat receptors of the skin, 


Thus, the physiological phenomenon of the functional mobility of the skin temperature analyzer represents 
a process of the organism's accommodation to changing temperature conditions of the external environment. 


For a deeper analysis of the role of the cerebral cortex in the regulation of the accommodation of the 
cold receptor apparatus of the skin, we undertook a study of the conditioned reactions which change the 
mobilization level of the elements of the above-mentioned system. 


EXPERIMENTAL METHODS 


Conditioned reactions which changed the degree of mobilization of the cold receptor apparatus of the 
skin were developed in three persons 16, 17 and 50 years of age. 


A decrease in the room temperature of 1-2’ was the unconditioned stimulus, A metronome with a fre- 
quency of 120 beats per minute, a metronome with a frequency of 60 beats per minute and the verbal waming 
"I'm turning on the cold" were used as the conditioried stimuli, The conditioned signal preceded the unconditioned 
one by 5-15 seconds. The conditioned signals were given without any regular stereotyping and at various intervals of 
time—within the limits of 6-15 minutes, 


The methods which were developed by us of developing conditioned reactions to change the degree of 
mobilization of the cold receptors of the skin were essentially as follows, The temperature of the room where 
the investigation was carried out was raised to 21-24° with the help of electric heating equipment. The subject 
was placed behind screens so that he could not see the sources of the stimuli. After 15-20 minutes of preliminary 
adaptation to this temperature, 20 cold spots were found on the skin surface of the inner side of the forearm with 
the help of a cold thermo-esthesiometer and fixed with indelible paint. Then, in 2-5 minutes their activity with 
respect to cold perception was checked 3-4 times. The last number of active spots which was established served 
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as the “null” background, After an isolated conditioned signal (5-15 seconds), the number of active cold spots 
was determined, The difference between this and the number of background spots served as the measure of the 
conditioned reaction. 


The conditioned signal was combined with a decrease of 1-2° in the room temperature, achieved by 
disconnecting the heaters and ventilating the area for one minute, Then the number of active cold spots was 
again determined, The difference between the number of active spots and the background number was the 
extent of the unconditioned reaction, Then the room temperature was increased to the original , the number 
of active background cold spots was again established, and the investigation proceeded in the same order, 


EXPERIMENTAL RESULTS 


When an inadequate stimulus (metronome 120) was combined with a change in the temperature of the 
surrounding environment (temperature decrease of 1.5°), this stimulus acquired the properties of a conditioned 
signal, Even after several combinations, just switching on metronome 120 caused an increase in the 
number of active cold spots, A steady association of these temporary connections occurred within 15-20 
combinations of the action of metronome 120 with decreased temperature. The worksheet of one of the 
regular investigations is shown in Table 1. 


TABLE 1 


Observation on 17 April, 1953, Subject S., 17 Years Old 
Original Surrounding Temperature 22° 


Time of observation Comments 


stimulus 


reaction 
reaction 


| Conditioned 


active spots 


° 
| 

E 


| Background number of 
Number of combinations 
ditioned stimulus acted 
(in seconds) 

Extent of conditioned 
Unconditioned stimulus 
(Decrease of room temp- 
erature in degrees) 
Extent of unconditioned 


3:14 

3:16 My20 Cooling 1 minute 
after Mj2o 

:25 

"I'm turn- Cooling 1 minute 

ing on the after the words 

cold" "I'm turning on 
the cold" 


:28 


7 
"I'm turn- The same 
ing on the 
cold" 
“I'm turn- The same 
ing on the 


cold" 


Mj20 Cooling 1 minute 
after Mygo 


"I'm turn- Cooling 1° 1 min- 

ing on the ute after the words 

cold" "I'm turning on 
the cold" 


i 
1 | 
3:10 P. M. 9 
3:35 
3:38 
3:43 
i 
3:50 8 
3:52 26 
4 
! 
: 
9 
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It can be seen from Table 1 that out of 20 marked spots, 8 proved to be active at 3:14 P.M. After the 
isolated action of the conditioned signal~metronome 120, which had been combined 25 times with cooling, 
the number of active cold spots reached 10, Thus, the extent of the conditioned reaction was taken to be equal 


to 2 


The verbal warning “I'm turning on the cold", when first used, caused basically the same increase in the 
number of active cold spots among all the subjects as the direct decrease of the room temperature. 


In addition to the positive conditioned reactions, we observed the development of several types of internal 


inhibition: differentiation and extinction, 


A metronome with a frequency of 60 beats per minute, the action of which was not accompanied by a 
decrease in the temperature of the experimental room, was used as the differentiating agent. Differentiation of 
the sound of metronome 120 from that of metronome 60 was achieved by the subjects after several applications 


of these signals, 


In Table 2 are presented the results of an investigation of the development of differentiation . 


TABLE 2 


Observation on 22 January 1953, Subject S., 16 Years Old 
Original Surrounding Temperature 22.5° 


Conditioned Comments 


stimulus 


Time of observation 


active spots 


reaction 


reaction 
Extent of unconditioned 


Background number of 
Time the isolated con- 
ditioned stimulus acted 
in seconds) 

Extent of conditioned 
Unconditioned stimulus 
(Decrease of room temp- 
erature in degrees) 


iNumber of combinations 


12:45 P.M. 
12:46 


Cooling 1 minute 
after 


i) 
_ 


18 


12:50 

12:51 1 Meo 10 2 No cooling 

12:53 * 

12:55 19 M20 10 2 1 1 Cooling 1 minute 


after Myo 


:00 


2 Meo 10 0 ° ° No cooling 


20 My20 10 3 1 2 Cooling 1 minute 
after My20 


3 Meo 10 0 - - No cooling 


21 My20 10 3 1 2 Cooling 1 minute 
after My20 


The first application of metronome 60 caused the same increase in the number of active cold spotsas the 
application of the reinforced conditioned signal-metronome 120, A generalization of the excitation process 
was observed. However, complete differentiation began quickly (at the third application of metronome 60), 


With repeated application of the positive conditioned signal-metronome 120 — without an accompanying 
decrease in the temperature of the air in the room, a gradual decrease in the activity of the conditioned stimulus 
was observed, i,e., extinction of the conditioned reaction began — an increase in the number of active cold spots, 


| 
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1:01 

1 :11 
| 

3 


In Table 3 is presented a worksheet of the development of extinction 


TABLE 3 


Observation on 20 February 1953, Subject S,., 17 Years Old 


Qa, 
. of 3 
3 oY ° 
> 5 Eeg 
Time of observation 539 E Conditioned| 3 2 Comments 
Zo = stimulus 89 5 6 
= 2 G 3 ~ 
4:47 P.M. 2 
4:50 " 3 
4:51 " 66 Cooling 1 minute 
after Mi20 
4:56 " 3 
4:58 " 67 Not reinforced 
5:00 68 
5:02 ” 69 
5:06 10 
5:10 71 
§:13 712 


From the experiments which were carried out, the fact was established that the level of the mobilization of the 


cold receptors changes not only with the action of adequate stimuli, but also with the action of inadequate ones, 
if they are combined with adequate ones, The conditioned-reflex changes in the degree of mobilization of the 
cold receptors in the skin indicate that the process of functional mobility of the cold receptors occurs both as an 
unconditioned reflex and as a conditioned reflex, 


The development of a quick and intense conditioned reaction of mobilizing the cold receptors in 
response to the verbal stimulus "I'm turning on the cold" is undoubtedly explained by the specificity of verbal 
stimuli for man, 


The methods which we worked out of studying conditioned reactions which change the degree of mobilization 
of the skin thermoreceptors make it possible to follow the regulation of functional mobility in the temperature 
analyzer of the skin under normal, as well as pathological, conditions, In addition, the above method can be used 
to study the conditioned reflex reactions of man, 


SUMMARY 


The level of the mobilization of the cold receptors changes not only under the effect of adequate stimuli, 
but under that of inadequate ones as well, provided the latter are combined with the adequate stimuli, 


. Conditioned reflex changes of the mobilization degree of the cold reception in the skin reveal that the 
:, functional mobility of coid receptors occurs both as an unconditioned and a conditioned reflex, 
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ON THE INTERRELATIONS BETWEEN SIMULTANEOUSLY OCCURRING 


CONDITIONED MOTOR AND SPEECH-MOTOR (VOCAL) REACTIONS 


E. A. Derevyanko 


From the Institute of Aviation Medicine, Moscow 


(Received July 28,1955. Submitted by Active Member of the Academy of Medical Sciences of the USSR, 
N. A. Rozhansky) 


The present investigation was carried out in order to solve problems connected with the analysis of some 


motor reactions of man, 


A special apparatus built by L. A. Kazaryan permitted the determination of the latent period and magnitude 
of the conditioned motor reaction to stimuli (light, auditory cutaneous-mechanical), the latent periods of the 
vocal reaction and of the conditioned motor reaction to verbal stimuli. 


The latent period of the vocal-motor (vocal) reaction was determined by the interval of time between the 
application of the stimulus and the initiation of sound formation (movement of the subject's larynx) when pronouncing 
the first sound of this or that word, Through the medium of laryngophones the movements of the larynx were change: 
into electrical waves; these, when amplified, cut off the relay system, which caused the electric timer( started 

the moment the stimulus was applied) to stop. 


The motor response consisted of the subject's pressing a button or a handle with a spring. 


Stimuli, addressed to the first signal system (light, auditory, cutaneous-mechanical), with a duration of 
0.2 seconds were applied automatically every 3-5 seconds, The experimenter applied verbal stimuli also every 
3-5 seconds, In the latter case, the latent period of the motor reaction was determined by the segment of time 
froin the beginning of the movement of the experimenter's larynx when he was pronouncing the first letter of 
this or that word until the beginning of the motor response. 


The observations were carried out on 16 heaJthy persons ranging in age from 20 to 35 years. In all, 74 ex- 
periments were carried out. 


EXPERIMENTAL RESULTS 


The results of the experiments are presented in the same order in which they were obtained in the process 
of conducting each experiment, In each experiment, 125 different stimuli, not counting the controls, were 
applied to the subject, 


At the beginning of each experiment the latent period of the motor reaction to 15 light stimuli was determined 
for each subject, The extent of the latent period varied considerably - from 150 to 250 o. 


Then the extent of the latent period of the vocal reaction, consisting of the pronunciation of the word “light” 
in response to a light stimulus, was determined (15 reactions). In all 74 observations, the latent period of the vocal 
reaction was greater than the latent period of the motor reaction, 


The lengths of the latent periods of the vocal reaction varied between 215-3900. The average length of 
the reaction equalled 3050, i.e., it was 1000 longer than the latent period of the motor reaction, 
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As in the motor reaction, the latent periods of the vocal reaction (pronunciation of the word "sound") to 
an auditory stimulus were shorter than to light stimuli (by an average of 550). 


In the next experiment, the subject was requested to press a button and simultaneously pronounce the word 
“light” in response to 15 light stimuli, Under these conditions the effect of the simultaneously occurring reactions 
on each other was insignificant, The latent period of the motor reaction increased by an average of only 50 (2%), 
the vocal by 340 (11°) in comparison with the data obtained during the isolated determination of these periods, 


In the majority of cases the variations in the lengths of 
the latent periods of the motor reactions coincided in their 
direction with the variations in the lengths of the latent periods 
of the vocal reaction (Fig. 1). 


This, apparently, indicates that the variation in the lengths 
of the latent periods of both reactions is determined to a great 
extent by a change in the functions of the afferent pathways 
common to both of these reactions, 


In the next experiment, the subject pressed a button and, 
in addition, named the stimulus (light by the word “light”, 
CP SCI ee auditory by the word “sound”, cutaneous-mechanical by the 
Number of determinations word “blow”) in response to 20 light, auditory and cutaneous- 
mechanical stimuli applied at random, 


Reaction time (in sigmas) 


Fig. 1. Length of the latent periods of con- 
current motor and vocal reactions, In this, a considerable increase in the latent periods of 
1) time of the vocal reaction; 2) time of the motor, as well as vocal, reactions was observed, 

the motor reaction 


The latent period of the verbal response was equal on the average to 5400, while that of the motor response 
was 3010, i.e., the time for the motor reaction increased by 970 (47%) on the average and of the verbal one by 
2000 (60%) in comparison with the data obtained in the preceding experiment, 


The accomplishment of the motor reaction practically did not affect the length of the latent periods of 
the vocal reaction, Thus, the latent period of a vocal reaction occurring alone decreased only 370, or 7% on 
the average (according to the data of control experiments), in comparison with investigations in which the subject 
pressed a button and also gave a vocal response, 


At the same time, control experiments showed that the lengths of the latent periods of the isolated motor 
reaction almost do not change if, instead of the stereotyped application of the same stimulus (for example, light), 
all of the above stimuli are applied at random, Consequently, the considerable increase in the latent periods of 
the motor reaction is connected not with a disruption of the stereotyped stimulus application, but is determined 
by the inhibitory effect of the vocal reaction — negative induction, 


Thus, on the basis of the data obtained, the almost unilateral inhibitory effect of the vocal reaction on 
the motor reaction can be discussed, In individual cases it was possible to register the shortening of the lengths 
of the motor response in comparison with the lengths obtained in the preceding investigation, which also indicates 
a certain increase in the inhibition of the motor reaction, 


Other reiationships were observed when more complex motor reactions were studied. 


In these investigations, the subject was first requested to press one of three buttons, which were placed 
close to each other, in response to three stimuli (light, auditory, cutaneous-mechanical) which were applied 
in various combinations, The average time for the motor reaction in these cases was equal to 5260. Then 
the subject was requested to name the stimuli (vocal reaction) at the time the button was pressed, In 49 inves- 
tigations, the average time for the motor reaction decreased in comparison with the data obtained in those 
investigations in which the subject responded to the applied stumuli with only a motor reaction; in 6 investigations 
this time was the same and only in 19 investigations (in 26% of the cases) did the average time for the motor 
reaction increase insignificantly, But the time for the vocal reaction when the motor problem was complicated 
increased considerably, On the average, it was equal to 653 9, however, as indicated above, with a simpler 
motor response (pressing the same button when any stimulus was applied) it equalled 5400, 
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In this case the practically unilateral inhibitory effect of the motor reaction on the verbal one can be 
discussed, while the occurrence of the vocal reaction even had a positive effect on the occurrence of the motor 
reaction. 


In the control experiments after the basic investigations were carried out, we requested the subjects, as 
before, to name the stimulus as quickly as possible while pressing the button, {.e., we attempted to hasten the 
occurrence of the speech response only by artificial vocal reinforcement. In this case, some decrease in the 

time for the vocal reaction was always observed with a decrease in the time for the motor reaction also, 
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Fig. 2, Time (average) for motor and vocal responses with 
various experimental variants (in sigmas); the numerals 
1, 2, 3, 4, 5, 6 and 7 indicate the experimental variants, 


In the last experiments, the subject pressed the button corresponding to each stimulus in response to the 
words "light", “sound”, “blow” spoken at random by the experimenter, The average time for the motor 
reaction was equal to 5090, i.e., only 170 less than in the case when the stimuli were applied which were 
addressed at the primary signal system, 


The results of one observation on Subject S, are presented in Fig, 2. 


The numeral 1 indicates the time for the isolated motor reaction to a light stimulus (average of 15 reactions), 
The numeral 2 designates the time for the isolated vocal response (average length of 15 reactions), As is evident, 
the time for the motor reaction was 56 o less than that for the vocal one, The average duration of time for the 
concurrent motor and speech reactions (out of 15 reactions) to a light stimulus is designated by the numeral 3, 
In this case, the time for the motor reaction practically did not change, the time for the vocal reaction increased 
somewhat (by 46 


The numeral 4 designates the average duration of time for 20 motor and vocal reactions occurring simul- 
taneously in response to light, auditory and cutaneous-mechanical stimuli applied at random, Complication of 
the vocal reaction caused a considerable inhibition of the motor reaction, the average length of which became 
equal to 3820, Naturally, complication of the vocal reaction, in the present case, disruption of the steoreotype 
of applying the stimuli, caused an increase in the time for its occurrence to 532 0, 


The average time for 20 isolated motor responses (pressing one of three buttons) when three stimuli were 
applied at random (5) was equal to 551 0. 


The numeral 6 designates the average time for 20 simultaneous motor and vocal reactions when the three 
stimuli were applied at random, As is apparent in Fig, 2, in this investigation the time for the vocal response 
was greatest (559 0), while the time for the motor response decreased considerably in comparison with the 
previous data which were obtained when this motor reaction occurred alone, Thus, in this case the occurrence 
of a vocal response brought about a noticeable decrease in the latent periods of the motor reaction, 
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In order to exclude the possibility that such a considerable decrease in the time for the occurrence of 
the motor reaction is connected with the effect of training, at the end of the investigation the subject again 
responded with only a motor reaction to 20 stimuli applied at random (7 in Fig. 2), In this case the length 
of the latent periods practically coincided with the data designated by the numeral 5 (differing from it by only 
60), Consequently, the above-described decrease in the time for the motor reaction when the vocal response 
occurs simultaneously is not determined by the effect of training. 


The facts presented above indicate the complexity of the interaction between concurrent conditioned 
motor and vocal responses, If the occurrence of these responses is not connected with complicated analysis 
of stimuli but occurs stereotypically, their effect on each other is insignificant, In our experiments, this was 
observed with simultaneous motor and vocal responses to light stimuli which were applied stereotypically, 


On the other hand, by complicating one of the reactions (for example the vocal one), thus complicating 
the central analysis, a distinct inhibition of its effect on the motor reaction could be observed, Even more com- 
plex relationships are observed when the accelerated analyses of the vocal, as well as of the motor reaction, 
are complicated simultaneously. 


SUMMARY 


The author studied the interrelations between simultaneously developing motor and vocal-motor reactions 
to such stimuli as light, sound, and skin-mechanical, When the stimuli were applied in a constant succession, 
the simultaneous development of motor and vocal-motor reactions did not exert any influence upon the length 
of latent periods, When the stimuli were applied nonstereotypically, inhibition of the motor reaction only was 
observed, if the motor reaction did not include the element of the central analysis of the vocal-motor reaction 
included it (verbal stimulus), If both the motor reaction and the vocal-motor reaction included certain centr! 
analysis, some decrease in the length of the latent periods of the motor reaction and a considerable increase in 
the length of the vocal motor reaction were observed in a majority of the experiments, 
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ON RESIDUAL (LATENT) EXCITATION 


I. A. Lapina 


From the I, P. Pavlov Department of Physiology (Head-Prof, P. S, Kupalov) of the Institute of Experimental 
Medicine (Director-Corresponding Member of the Academy of Medical Sciences of the USSR, Prof. D. A. Biryukov) 
of the Academy of Medical Sciences of the USSR, Leningrad 


(Received July 17, 1955, Submitted by Active Member of the Academy of Medical Sciences of the USSR, P. S. Kupalov) 


A conditioned salivary reflex which is completely limited to the salivary gland on either side (unilateral 
reflex) can be developed in dogs whose tongues have been made to extend by K. S. Abuladze's method, 


In experiments with unilateral reflexes, the following rule has been observed consistently. If two conditioned 
reflexes are developed in the animals separately, for example, one for reinforcement with acid of the left section 

of the tongue (left-sided reflex), and another for the smearing of the right section of the tongue with the same acid 
(right-sided reflex), then in the stereotype, when there is a change from the stimuli of one side, the first application 
of stimuli to the other side causes a positive effect not on the same side, but on the side of the previous unconditione 
stimulation. 


Below in Tables 1-3 the worksheets of experiments on three dogs are shown, A solution of .3N hydrochloric 
acid was used as the unconditioned stimulus in all the experiments, In all the experiments the interval between 
stimuli was 5 minutes;the duration of the isolated action of the stimulus was 20 seconds, 


TABLE 1 


Change in the Reflexes of the Dog Palma in an Experiment in Which a Whistle was Reinforced by Smearing 
Acid on the Left Section of the Tongue, Noise on the Right Side 


Right Parotid Gland Reflex 


Left Parotid Gland Reflex 


Stimulation 
num ber 


Conditioned 
stimulus 


conditioned unconditioned unconditioned 


10 
50 
15 
270 
410 
450 


Whistle 


As is evident from the data presented, each time there was a change from the conditioned stimulus which 
produced a reaction by one salivary gland in the stereotype, to the stimulus which produced a reaction on the 
other side (in two experiments to noise and in one to gurgling), the isolated action of the stimulus either caused 
secretion of saliva from the gland with which the given conditioned stimulus had never been connected or brought 
about a total absence of salivation (dog Palma). The conditioned reflex effect was observed more often on the 
opposite side, 


. 
ibs a 253 15 435 0 
wal 
254 20 440 0 
255 35 435 0 
ne Noise 152 0 250 0 
153 0 105 25 
. 154 0 60 20 


TABLE 2 


Change in the Reflexes of the Dog Pirate in an Experiment in Which a Whistle was Reinforced by Smearing 
Acid on the Richt Section of the Tongue, Noise on the Left Side 


Conditioned Stimulation Left Parotid Gland Reflex __Right Parotid Gland Reflex 


conditioned unconditioned | conditioned unconditioned 


stimulus 


number 


100 
95 
20 

380 

545 


505 


510 
500 
500 
220 
150 
100 


Whistle 105 
106 
107 
Noise G7 


a 


wo 


wo 


oo 


an 


TABLE 3 


Change in the Reflexes of the Dog Silva in an Experiment in Which a Whistle was Reinforced by Smearing 
Acid on the Right Section of the Tongue, Gurgling on the Left Section 


Left Parotid Gland Reflex 


—. 


Conditioned Stimulation 


stimulus ber a 
conditioned unconditioned 


Whistle 


Gurgling 


The above phenomenon was repeated in spite of the fact that the stimuli which were applied in the second 
half of the experiment (noise, yuryling) were combined 800-1000 times and the conditioned reflexes for them 
were firmly established, 


It is sufficient to change the stereotype and to place the conditioned reflexes first in the experiment for 
the conditioned reflex to appear on the same side when the conditioned stimulus is applied, 


The data of the control experiments are presented in Tables 4 and 5, 


TABLE 4 
Change in the Reflexes of the Dog Palma in Control Experiments, Noise Reinforced by Smearing the Right Section 


of the Tongue with Acid 


Conditioned Stimulation Left Parotid Gland Reflex Right Parotid Reflex 


stimulus number conditioned unconditioned 


Noise 0 24 
" 0 15 
8 
TABLE 5 
Change in the Reflexes of the Dog Silva in Control Experiments 
Guryling Reinforced by Smearing the Left Section of the Tongue With Acid 


Conditioned'| Stimulation Left Parotid Gland Reflex Right Parotid Reflex 


conditioned unconditioned conditioned unconditioned 


Gurgling (ig 44 
if 57 
G9 


= 
4 = 
= 
| Right Parotid Gland Reflex > 
66 0 10 25 220 
q 67 0 6 45 235 te 
a 68 0 3 40 245 ao 
a 18 0 245 12 15 Lia 
19 50 295 0 15 
20 60 315 0 20 
22 326 
34 415 
39 436 
393 0 37 7, 
415 0 19 
442 0 6 


What do the results obtained signify ? 


When the unconditioned acid stimulus was applied to a section of the tongue which had been made to ex- 
tend, salivation occurred from the parotid gland on the same side, At a certain strength of this unconditioned 
stimulus and by combining it with the conditioned stimulus, a unilateral conditioned reflex was developed. 


The state of increased excitability which was achieved by the action of the unilateral conditioned and 
unconditioned stimuli, did not disappear immediately but was preserved latently for a long time, not being 


manifested unless stimulation was applied. 


The appearance of a positive reaction in the gland with which the given conditioned reaction was not 
connected indicated that latent excitation remained in the salivation center of the gland which worked previously. 
According to our experiments, this latent excitation was preserved for 7-8 hours and more, At the same time a 
reaction of the gland on the same side as the stimulated section of the tongue was absent, which may be explained 
by the development of an inhibitory state by induction from the salivation center of the opposite side. 


Taking into account the data of K, S, Abuladze [1], A. A. Travina [3] and A, P, Kuznetsov [2] regarding 
the fact that stable areas of excitation are kept for a long time in one cerebral hemisphere, it can be assumed 
that residual (latent) excitation is preserved for a long time unilaterally in the cortical area of the chemical 


(stomatic) analyzer, 
SUMMARY 


An interesting regularity can be observed in experiments on dogs with an isolated part of the tongue 
(K. S, Abuladze's method). If conditioned reflexes are established in the animals with an isolated part of the 
tongue any irritation of the symmetrically situated part of the tongue causes at first a positive effect on the side 
of previously unconditioned stimulation, 


The positive reaction of the gland which has no connection to the given conditioned or unconditioned 
reaction indicates that a latent excitation persists on the salivary center of the previously active gland, The 
author's experiments showed that a latent excitation remained in the cortical portion of the mouth chemical 


analyzer for 7-8 hours, 
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ON THE REFLEX INFLUENCES FROM THE PROPRIOCEPTORS ON THE HEART 


<7 CHANGES IN HEART ACTION WITH THE MULTIPLE APPLICATION OF STATIC LOADS 


I. A. Sapov 


From the Academy of Navel Medicine (Leningrad) 


(Received April 29, 1956. Submitted by Academician K, M. Bykov) 


At one time we presented facts obtained in experiments on two dogs which indicated the peculiarities of 
conditioned reflexes formed on the basis of unconditioned reflexes from the proprioceptors on the heart, It was 
reported that the greatest changes in cardiac action, occurring due to static loading, were observed not while 
the load was applied, but immediately after the load was removed from the animal's back. The conditioned 
stimulus caused the following changes in heart action: while a positive conditioned reflex was being developed, 
the most evident reaction was observed until the 6-10th combination during the period of after-effect also. 
Beginning with the 7-11th combination, after the conditioned reflex was firmly established, these changes were 
greatest at the end of the isolated action of the conditioned stimulus. In this case, the so-called static force 
phenomenon (Lindhardt’s phenomenon) which consists of a rise in the functional indicators, in particular of the 
cardiovascular system, not while work is carried out during static loading, but after it. Lindhardt explained this 
phenomenon by the constriction by tense muscles of many blood vessels and the encumbered action of the cardio- 
vascular system during static work which develops in connection with this, i.e., he considered a purely mechanical 
factor to be the reason for this phenomenon, However, N. K. Vereshchagin and his coworkers [1,2,3] showed that 
this is not quite so, because in the process of training for static work, Lindhardt's phenomenon is smoothed out and 
the greatest changes in the activity of the cardiovascular system occur during static work, although the action of 
the mechanical factor remains in force. In the opinion of N, K, Vereshchagin, the static force phenomenon is a 
consequence of the reaction of the central nervous system to a static load. A. G. Zima [4], studying the dynamics 
of respiratory movements during static work, also showed that basically, a reflex mechanism lies at the basis of 
Lindhardt’s phenomenon 


On this basis, we decided to discover how the static effort phenomenon is evidenced when a static load is 
applied many times and how it is reproduced by a conditioned reflex method, 


EXPERIMENTAL METHODS 
The experiments were carried out on two dogs - Jack and Tresor, 


The positive conditioned reflexes developed in the animals to a metronome with 120 beats per minute 
(Myo) were again extinguished; several days in succession Myg9 was used once in the experiment without rein- 
forcement, At this, the extinction process of the conditioned reflexes differed little from that observed by us 
earlier, Then the conditioned reflexes to Mygy were re-established; one combination of the conditioned and 
unconditioned stimuli was required for this in both dogs. 
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EXPERIMENTAL RESULTS 


As the experiments showed, substantial changes in the activity of the heart occurred with subsequent 
manyfold combinations of the cond‘:ioned stimulus with the unconditioned. These changes are illustrated by 
the electrocardiograms (Fig. 1) and graphs of the changes of the heart activity (Fig. 2) of the dog Jack. 


The first group of electrocardiograms was obtained after the fourth combination of the conditioned and 
unconditioned stimuli after the re-establishment of the conditioned reflex was begun. The second group of 
electrocardiograms was obtained after 29 reinforcements of the conditioned stimulus with the unconditioned 
one. The third group of electrocardiograms was taken from the experiment after the 41st combination of the 
stimuli. Finally, in the last group are presented the electrocardiograms after 55 combinations of the stimuli. 


The evident changes in the activity of the heart which occurred under the influence of the conditioned 
as well as of the unconditioned stimuli, were characterized by an increase in the frequency of the rhythm, a 
decrease or disappearance of the respiratory arhythmia, an increase in the height and width of the P wave, an 
increase in the voltage, a lengthening of the QRS complex, a shortening and an elevation of the R-T segment 
above the iso-electric line, a decrease in the negative wave T, a decrease in the absolute and increase in the 
relative duration of the electric systole of the heart ventricles, and an increase in the systolic indicator. 


The facts which were obtained in this series of observations indicate that, in the process of manyfold 
repetitions of the action of static load on animals and of the conditioned stimulus combined with it, four phases 
of changes in the activity of the heart were observed. 


The first phase was characterized by the fact that the greatest changes in heart activity, initiated as a 
result of the stimulation of the proprioceptors with an unchanging static load, were observed immediately after 
loading, in the first 30-60 seconds, specifically (static force phenomenon). The second phase was characterized 
by the initiation of considerable changes in the heart action, not only after static loading, but alsoduringit. The 
third phase was evidenced by the greatest changes in the activity of the heart, while the animal experienced the action 
of static loading. 

In the fourth phase, it was not possible to note considerable changes in the activity of the heart, neither 
while the unconditioned stimulus was acting, nor during the period of its after-effect. Now the elevation of 
the P wave (from 1.6 to 3 mm from the iI lead), the decrease of the negative T wave (from 1.4 to 1 mm from 
the II lead), the voltage increase, the widening of the ORS complex (from 0.06 to 0.07 seconds), the shortening 
of the R-T interval (from 0.11 to 0.085 seconds) and the decrease in the electrical systole of the ventricles 
(from 0,22 to 0.20 seconds) became constant, evident both while the stimuli were acting and when they were 
not applied. 


The reaction of the heart to the conditioned stimulus, which was connected with static loading, repeated 
the reaction of the heart to the unconditioned stimulus. The difference in the dynamics of the changes in heart 
action in response to the conditioned stimulus consisted in the fact that with the conditioned reflex established 
these changes preceeded those which were influenced by the unconditioned stimulus. 


The phases of the changes in heart activity in response to an unvarying static load and to the conditioned 
stimulus were observed in the course of manyfold applications of them in experiments on both dogs. They were 
identical. The difference consisted only in the fact that the change from one phase to another occurred after 
different numbers of combinations of the conditioned and unconditioned stimuli in the different animals. ‘hus, 
the four phases evidenced by the dog Jack were observed (in order) after 4, 29, 41 and 55 combinations, while 
they were found correspondingly after 6, 36, 46 and 65 combinations of stimuli in the dog Tresor. It should be 
observed that the number of applications of the static loading and of My) considerably exceeded the indicated 
number of combinations, since we only indicated the number of combinations applied after the second re-estab- 
lishment of the conditioned reflexes here. In addition, the effect of the isolated action of static loading on the 
animals was tested systematically. 


Under the influence of systematic manyfold applications of a constant static load, apparently, physical 
training occurs which leads to the disappearance of any noticeable changes in the heart activity in respons 
to the stimuli which formerly brought them about. It must be assumed that the constant differences between 
the electrocardiogram elements which occurred as the result of training and those which were observed in 
the animals at the beginning of the work can be connected with changes in the properties of the heart muscie 
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Rhythm of cardiac contractions 


Fig. 2. Dynamics oi the changes of the heart activity of the dog 

Jack during the process of manyfold applications of the stimuli 

horizontally. 

a) background, b) during stimulation, c) after stimulation . 

1) unconditioned stimulus, 2) conditioned stimulus, I, II, III and IV) 

pliases of changes 


and, primarily, with changes in the irritability, stimulus conduction and processes of re-establishment [5] which 
ensure stronger cardiac contractions without noticeable changes in the rhythm and other indicators of the elec- 
trocardiogram. As a result of training to static work, the unconditioned, as well as the conditioned stimuli 

finally became seemingly ineffective on the heart activity, causing no further changes against the new background. 


The four phases of changes in heart activity which gradually changed from one to the other are shown 
during manyfold applications of the stimuli with a constant weight of static load (80% of the animal's weight) 
and the same duration of action of the stimuli (4 minutes). 


Upon changing the intervals of time between the action of the stimuli from 30seconds to 4minutes, both with: 
strict coincidence of the conditioned and unconditioned stimuli and with a delay in reinforcement, we could 
not observe any substantial changes in the heart activity. The unconditioned stimulus of "descent" caused 
changes in the heart activity characteristic for the given phase, but at the new time intervals, the conditioned 
stimulus repeated these changes after one combination of the stimuli with the new time relationships. 


Changes in the force of the unconditioned stimulus (weight of the static load) affected the heart activity 
noticeably. This was expressed in the fact that the second and third phases changed into the first phase, i.e., 
to the emergence of the greatest changes during the period of the after-effect of the stimuli. This was observed 
in both dogs. In order to illustrate this regularity, the electrocardiograms of the dog Tresor are presented in Fig. 3. 


The results of these experiments indicated, first, that after a change in the force of the unconditioned 
stimulus both in the direction of decrease, as well as in the direction of increase, the changes in the cardiac 
activity which were observed changed into the first phase, i.e., became characteristic of the initial stage of 
training; secondly, these changes, when the unconditioned stimulus of the new strength was applied further, 
quickly returned to the original ones, i.e., to that phase which existed before the size of the static load was 
changed. 


Thus, the static force phenomenon is observed during the first period of training for a static load and is 
reproduced in a conditioned reflex way. The leveling of Lindhardt's phenomenon in the process of training 
(as N. K. Vereshchagin also observed), its final disappearance, and, especially, its conditioned reflex reproduction 
(in our experiments) indicate that it is not the result of mechanical compression of the muscles of the capillaries, but 
is caused by reflex mechanisms, the initiation of which should be sought in the stimulation of the proprioce, tors. 
The question of whether the the conditioned stimulus causes changes in the cardiac activity directly or whether 
first it leads to the appearance of muscular contraction and then to the secondary effect~to the change in the 
cardiac activity, remains not quite clear, Daily observations of the reaction of the animals to conditioned 
stimuli, combined with static loading, permit the hypothesis that both take place here; at the beginning of 
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Fig. 3. Effect of changes in the size of static loading on the heart activity 
of the dog Tresor (EKG lead II). 

I) change of the load from 80% to 2% of the animal's body weight, II) after 
6 combinations of the new load with the conditioned stimulus, III) change of 
the load from 23} to 4% of the dog's body weight. In all groups of EKG's: 3 “+ 
a) background, b and c) changes under the influence of the unconditioned, 
d and e) of the conditioned stimuli during (b and d) and after (c and e) their 
action. 


training, muscular contraction occurs under the influence of the conditioned stimuli acting alone and 
secondly (as a reflex from the propriceptors) the change in the cardiac activity occurs, while later changes in 
cardiac activity occur without the appearance of muscular contraction. This hypothesis requires special 
verification. 


Systematic observation of sportsmen [6] indicates that sports records, for example in short-distance 
swimming, were obtained not after the usual warm-up, but following the execution of maximum loads by the 
sportsmen before the meets or during the second start for the same distance. The facts which we presented can 
indirectly indicate the nature of the phenomenon. We are far from any direct application of the above facts ee 
to sports, especially since we observed the training of animals to static loads, Nevertheless, on the basis of the 7 
facts obtained, this problem can be subjected to special investigation, suggesting that the changes in the activity 
of the cardiovascular and other systems of well-trained sportsmen are in the fourth phase and ordinary physical 
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loads cannot cause substantial changes in the function of their organism. In order that a sportsman at this 


stage of training shouid have the ability to carry out maximum work from the start and continue an entire short 
distance, it is perhaps necessary to provide heavy loads which cause considerable changes in the functioning of 
the organism during the preparatory exercises (during the warm-up). 


SUMMARY 


In repeated application on dogs of a constant static load in combination with conditioned stimulus we have 
observed four stages of changes in the action of heart EKG, 


1, In the beginning of training they are best expc2ssed immndiately after action of static load (Lindhardt 
phenomenon), 


2. They are equal during and after load, 
3. They are noted only during load, 
4. No essential changes both during and after load. 


All these stages are reproduced by conditioned stimulus, The phenomenon of static effort is caused by 
reflex influences from proprioreceptors, 
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AFFERENT PATHWAYS OF REFLEX INFLUENCES FROM THE STOMACH ON DIURESIS 


A. A. Lebedev 


From the Chair of Pharmacology (Head-Docent G. M. Shpuga) of the Ivanovo Medical Institute (Director- 
Docent Ya, M, Romanov) 


(Received February 28, 1956, Submitted by Active Member of the Academy of Medical Sciences of the USSR 


V. N. Chernigovsky) 


In recent years (1952-1954), work has appeared which was dedicated to the study of the changes in urine 
excretion when the mechanical and thermal receptors of the stomach are stimulated. The authors of the works 
tried to study some aspects of the mechanism of the indicated influences [2,4 ,5]. 


We also studied the influence of the stomach interoceptors on diuresis when the mechanical receptors of 
4 the stomach are stimulated [3]. In this communication the experimental results of a study of the afferent path- 
a ways of these reflex influences are presented. 


EXPERIMENTAL METHODS 


The experimental method was described in detail in the preceding communication [3]. A series of ex- 
periments were set up with 7 dogs. In order to clarify the hypothesized reflex nautre of the influences of the 
stomach on diuresis, experiments were set up with two dogs (called Toby and Silva) whose stomach had been 
isolated by G. M. Shpuga's method [6] and on one dog (Lokhmaty) with a stomach denervated and isolated by 
the modified method of Klemensievich-Heidenhain. The orifices of the ureters of the first two dogs were brought 
out on the skin of the abdomen. The isolated stomach of all three dogs was irritated with a small balloon which 
was filled with water; the strength of the irritation was controlled inside the balloon according to the pressure of 
a mercury column in millimeters, The afferent reflex pathways were studied in dogs with a gastric fistula and 
with the orifices of the ureters brought out to the skin of the anterior abdominal wall. The irritation of the mech- 
anical receptors of the stomach was carried out with the help of a rubber balloon which was introduced through 
the fistula into the stomach and was filled with 200, 400, 600, or 800ml of water ata temperature of 38°, Some- 
times larger amounts of water were introduced. After the control experiments, both of the large gastric nerves 
of one of the experimental dogs (Pushka) were cut below the diaphragm, both vagosympathetic trunks of two 
other dogs (Alma and Shar) were cut at the neck. In order to study the afferent pathways entering into the 
spinal cord, the spinal cord of the dog Vesely was cut at the level of the VI-VII_ thoracic vertebrae. The vago- 
sympathetic trunks of the last two dogs were later cut at the neck. 


EXPERIMENTAL RESULTS 


In investigating the mechanism of the influences under study, it was necessary first of all to discover 
whether they are only reflex or whether they may also take place in a humoral way with very strong irritation. 
Dilation of the isolated innervated stomach of the dogs Toby and Silva with a balloon with a pressure of 40-60 mm 
of mercury caused a distinct inhibition of urine formation. Dilation of the denervated isolated stomach of the dog 
Lokhmaty at the same and greater (up to 150 mm of mercury) pressure did not cause any change in spontaneous 
diuresis. It follows from this that the influences from the stomach on diuresis are of a reflex nature. 
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In further experiments the afferent pathways of this reflex were studied. The influence of the stomach on 
the diuresis of the dog Pushka after both large gastric nerves were cut below the diaphragm did not change sub- 
stantially. After the vagosympathetic trunks of two other dogs (Alma and Shar) were cut at the neck, these 
influences decreased only slightly. 


Since we did not find a cessation of or a substantial change in the influence of the gastric interoceptors 
on diuresis ,eitiier when the vagosympathetic trunks were cut in the neck region or when the gastric nerves 
were cut below the diaphragm, we decided to study the effect of sectioning the spinal cord on these reflexes, 
When the spinal cord was cut at the VI-VII thoracic vertebrae, the effect of the interoceptors decreased some- 
what, but did not cease (dog Vesely). When the spinal cord of the dog Zhuchok was cut at the level of the VII 
cervical-I thoracic vertebrae the effect of the interoceptors also did not change substantially. 


Thus, not one of the indicated sectionings of the hypothesized afferent reflex pathways disturbed the 
effect of the reflex influences from the stomach on diuresis. It could be supposed that the reflex influences ex 
from the stomach on diuresis occur by no single pathway, but by two or more. 


In order to solve this problem, the vagosympathetictrunks in the cervical region of the dog Vesely, 
whose spinal cord had been cut at the level of the VI-VII thoracic vertebrae previously, were also cut, The 
results of the experiment are shown in Fig. 1. If, after section of the spinal cord, dilation of the stomach with 
a balloon caused the inhibition of the diuresis usual in healthy dogs, then after the supplementary section of the 
vagosympathetic trunks the same irritation caused a paradoxical reaction. This reaction, possibly, can be 
explained by the great changes in the organism which occur due to the indicated operations. From the present 
experiment it can be concluded that the influence of the stomach on diuresis is preserved in the presence of 
the combined sectioning, although in a distorted form. 


The vagosympathetic trunks in the cervical region of the second dog (Zhuchok) whose spinal cord had 
been cut at the level of the VII cervical-I thoracic vertebrae, were also cut. While dilation of the stomach 
with a balloon after the high section of the spinal cord caused considerable inhibition of urine formation, after 
the supplementary section of the vagosympathetic trunks on the neck the same dilation did not change urine 
formation substantially (Fig. 2); asbefore,soafter dilation of the stomach, urine formation was of an undulant 


nature which was not affected by the irritation of the gastric interoceptors, 
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Fig. 1. Change in the spontaneous formation of urine when the stomach of 
the dog Vesely, whose spinal cord had been sectioned at the level of the VI- 
VII thoracic vertebrae, was dilated with a balloon filled with water (1200 
mJ) at 38°). 

I) experiment on 18 November 1952; IL) experiment on 20 November 1952 
(2nd day after sectioning both vagosympathetic trunks in the neck), Con- 
tinuous line-diuresis of both kidneys (in m1), dotted line - time the balloon 
remained in the stomach (in minutes). 1) Amount of urine (in ml) 2) Time 


(in minutes), 
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Fig. 2. Change in the spontaneous formation of urine by the Dog Zhuchok 
whose spinal cord was cut at the level of the VII cervical_I thoracic verte- 
brae when the stomach was dilated by a balloon filled with water (800 ml 

at 38°), 

I) experiment on 21 February 1953; II) experiment on 27 February 1953. 

(2nd day after sectioning both vagosympathetic trunks at the neck). Con-- 
tinuous line - diuresis of both kidneys (in ml), dotted line - time the balloon 
remained in the stomach (in minutes). 


The results of these experiments show that when the spinal cord is sectioned at a high level (VII cervical-I 
thoracic vertebrae) and both vagosympathetic trunks in the cervical area are sectioned subsequently, the 
influence of the stomach on diuresis is not realized. Apparently, under these conditions, both types of afferent 
pathways of the gastric-renal reflex were destroyed; the vagosympathetic trunks and the spinal cord. The 
results of our investigations coincide with the data of Bain, Irving and McSwiney[7], and with the experimental 
results of K. M. Bykov and V. N. Chernigovsky [1] on the afferent pathways of the gastric interoceptor reflexes. 


SUMMARY 


We have studied changes in diuresis on dogs by stimulating mechanoreceptors of stomach and afferent 
pathways of this reflex, Cutting of ventral nerves under the diaphragm and vagosympathetic trunks of the neck 
did not disturb the influence from stomach on diuresis, Only when the spinal cord is cut at the level of the VII 
cervical-I thoracic vertebrae and also both vagosympathetic trunks in the cervical area, were no reflex influences 
from the stomach on diuresis observed, 


Apparently, the afferent pathways of reflex influence from the stomach on diuresis are the vagosympathetic 
trunks and the spinal cord, 
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TETANIZED SINGLE CONTRACTIONS OF A NEUROMUSCULAR FROG 


PREPARATION AFTER PANCREATECTOMY 


L. N. Zefirov and Yu. G. Shapiro 


From the Chair of Normal Physiology (Head-Corresponding Member of the Academy of Medical Sciences of 
the USSR Prof. A. V. Kibyakov) of the Kazan Medical Institute (Director-Docent R, A. Vyaselev) 


(Received October 17, 1955. Submitted by Academician L. A. Orbeli) 


The phenomenon of the single tetanized contraction has important theoretical significance. It represents 
the simplest case of summation excitability, which plays an important role in the activity of the central nervous 
system, and is regarded as the simplest peripheral model of dominance [13}. 


Single tetanized contractions (STC) are observed when a single wave of excitation passes through an area 
of sub-threshold or threshold tetanization [2]. The response of contraction to this has the nature of brief tetany, 
evidenced by an increase in the height and duration of the single contraction. 


The development of the single tetanized contraction, apparently, is connected with a certain stage of the 
parabiotic condition, which is characterized by low lability, low accommodation and high inertness of the flow- 
ing excitation (8, 10]. Corresponding to this, the tetanized single contraction was observed to be dependent on 
the degree to which the trace processes are evident and, in particular, on the residual traces of low-voltage 
potentials, and also a connection is observed between the latter and the tetanized single contraction and the 
phase of exaltation [1, 4, 7,11, 12). 


Investigations directed at the clarification of the concrete physico-chemical factors which ensure the 
conditions necessary for the development of the tetanized single contraction have special interest. 


The problem of the present work is the study of the STC under varying chemical conditions of the tissues 
caused by the preliminary excision of the pancreas. In accord with a number of investigations [5,6], this 
operation has an effect on the formation of a chemical agent-acetylcholine, which is of great significance 
in the activity of the autonomic nervous system. 


EXPERIMENTAL METHODS 


The experiments were carried out on a neuromuscular preparation of the gastrocnemius muscle of a 
frog (Rena ridibunda). The sciatic nerve was placed on two pairs of electrodes. Sub-threshold tetany was 
produced by an induction current through the electrodes nearest the muscle, by rhythmic stimulation with 
single inductive shock every 2seconds through the more distant electrodes, The preparation was in a humid 
chamber during the experiment, the muscular contraction was registered under isotonic conditions. The degree 
to which the tetanized single contractions were evident and their nature were observed, as well as the speed 
with which the tetanized single contractions developed, according to the time at which they appeared during 
the experiment. 


The experiment was begun 15-20 minutes after the preparation, in a number of cases the preparation 
was first kept in Ringer's solution from 2-3 to 24 hours in order to ensure the regular reproduction of the 
tetanized single contraction on each preparation [3]. 


The pancreas was removed under sterile conditions with ether anesthesia several (4 to 17) days before 
the experiment. In all, 100 experiments were set up. 
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EXPERIMENTAL RESULTS 


In preparations of frogs which had not been operated, under conditions of constant stimulation of the 
nerve by single inductive shocks, STC did not appear at once and occurred in far from all the experiments. 
Usually, the appearance of STC was observed at the 20-30th minute of the experiment, when single contractions 
already decreased substantially Fig. 1a),, Bythe 30th minute of the experiment, contractions were observed in 
20-30% of the cases. Before complete fatigue developed, hindering further observations, single tetanized con- 
tractions were observed in 40-50% of the experiments® . 


a In connection with the relatively small number of 
positive experiments and with the development of fatigue, 
which hindered observation, we first kept the preparations 
in Ringer's solution for 2-4 hours. STC were observed con- 
siderably earlier on such “surviving” preparations, beginning 
with the 5-10th minute of the experiment, and had a more 
evident nature. By the 30th minute they were observed in 
70-80% of the experiments. When the “survival” times 
were extended-after the preparations had been kept for 

24 hours - STC were observed during the very first minutes 
in all the experiments. We noted that in these experiments 
the STC became so evident that they lost the nature of 
single contractions and represented a more or less extensive 
continuous tetany, which decreased only gradually (Fig. 1c). 


Fig. 1. Myogram of single tetanized contractions 
(STC). 

a) STC:at the 30th minute of the experiment; Prolonged preservation of the preparation in Ringer's 
b) equalizing phase, corresponding to the develop- solution, represents in its physiological action a very slight, 
ment of STC (tetanic current of 5, 15 and 5 cm delicate alteration which causes, however, the development 
between induction coils, in turn); c) STC in a pre- of parabiosis with the phases characteristic of it. The equal- 
paration which was kept for 22 hours beforehand in ization phase is especially prolonged and clearly evident 
Ringer's solution. Tetany did not occur without (Fig. 1b), which is connected with the presence of STC and 
single contractions (second stimulus). Single stimuli the development of the equalization phase was observed by 
once every 2 seconds. L. V. Latmanizovaya [8] before us. 


Preliminary pancreatectomy substantially. affected the dynamics of the development of single tetanized 
contractions. The effect of the excision depended on the length of time after the operation. The clearest changes 
were Observed on the 5-9th day after pancreatectomy. At these lengths of time,ETC already appeared at the 5-10th 
minute, i.e., 2-3 times earlier than in unoperated frogs, and by the 30th minute they had occurred in 70-75% of 
the cases. The increase in the duration of the STC and their acquisition of the nature of short tetanies (see Fig. 3a. 
b,c) was typical. The degree to which the effects of single tetanized contractions were evident and their acquisition 
of the nature of tetany indicate the very considerable degree to which the lability of the nerve is lowered as a 
result of the excision of the pancreas. 


Itshould be observed that the muscular contractions were still great when the single tetanized contractions 
appeared. This indicates that the excision of the pancreas affects the functioning of the neural transmission more 
than it does the muscle and myonreual junction. 


The described changes were, however, temporary: after the 10-11th day, the development of single tetanized 
contractions in operated frogs again slowed. In Fig. 2 are presented comparable curves of the development of 
single tetanized contractions in unoperated frogs [1], on the 5-9th day after pancreatectomy [2] and in “surviving™ 
neuromuscular preparations [3 and 4].. 


* At the beginning of the experiment, sub-threshold tetany was not retlected in the single contractions, With 
nreshold stimulation which caused slight tetany, on the contrary, a decrease in the single contractions was 
often observed during this period, while at a later time the same tetanization caused an increase in the individual 
contractions and single tetanized contractions. 
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Fig. 2, Development of single tetanized contractions in unoperated 
frogs (1), on the 5-9th day after pancreatectomy (2), in "surviving" 
neuromuscular preparations which had been kept in Ringer's solution 
for 2-4 hours (3), and in preparations after operation and maintenance 
in Ringer's solution for 2-3 hours (4). 


A certain analogy can be observed on examination of the results of experiments on “surviving” neuro- 
muscular preparations and on preparations removed from frogs which had been operated previously. In both 
cases, the functional state is lowered, the equalization phase develops quickly and marked tetanized single 


contractions occur, often in the form of tetany. Thus, preliminary pancreatectomy leads to an acceleration 
of the development of the single tetanized contraction, to the development of a unique biological modification 


of the neuromuscular apparatus. 

If preparations taken from operated frogs are first kept in Ringer's solution, the amount of modification 
increases still more; single tetanized contractions are obtained at once after 2-4 hours of preservation. In this 
case, the effects of the STC are especially evident and frequently represent a very prolonged tetany (Fig, 3d).° 
When the “survival® time is longer, a fall in excitability and an absence of all contractile effects is observed, 
This disappearance of excitability takes place at times when the preparations, taken from unoperated frogs, give 
distinct results, All this indicates that there is a sharp decrease in the stability of the neuromuscular preparation 
after pancreatectomy, even with respect to such a weak modifying factor as Ringer's solution. 


Thus, as a result of preliminary pancreatectomy, a rapid and well-evidenced development of single tetanized 
contractions, a decrease in the lability of the neuromuscular preparation and a decrease in its stability with respect 
to the action of modifying agents are observed, 


On the basis of present knowledge regarding the mechanism of STC, the results described indicate that 
pancreatectomy leads to a substantial increase of the after-effects—a prolongation of the waves of excitation. 
Taking into account the data regarding the dependence of STC on the degree to which residual low-voltage 
potentials and the phase of exaltation are evident, it can be assumed that pancreatectomy leads to an increase 


of the latter. 
* While the size of the individual contractions is still considerable, when STC are observed during the first 


minutes of the experiment, single tetanized contractions are evidenced not by an increase in the strength of the 
individual twitches, but entirely by the acquisition of a tetanic nature by the latter, 
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What does the internal intimate mechanism of the observed changes consist of? The consequences of 
pancreatectomy are usually connected with a disturbance of the carbohydrate metabolism, However, data 
exist which indicate that excision of the pancreas leads to a disturbance of the fat and phospholipid metabolism [9]. 
Kibyakov and Uzbekov [6] showed that at certain intervals of time after pancreatectomy a disturbance of the 
formation of acetylcholine: in the system and a disturbance of the parasympathetic innervation of the heart are 
observed, apparently as a result of the disturbance of the phospholipid metabolism, Zefirov and Kibyakov [5] 
established a decrease in lability, a decreased stability of the nerve to modification and a disappearance of 
tonic-like contractions in a neuromuscularr frog preparation after preliminary pancreatectomy.The indicated 
disturbances proved to be connected with a disturbance in the formation of acetylcholine and were absent 
when acetylcholine was administered in compensation to the operated animals, 


The above data evoke the hypothesis that in our experiments also, the change in the functional properties 
and development of STC after pancreatectomy is connected with a disturbance of the formation of acetylcholine. 
In order to check this hypothesis, acetylcholine (0.5 ml of 1;10,000 solution) was administered daily into the 
posterior lymphatic sacs of the operated animals, beginning on the 2-3rd day after the operation. Single 
tetanized contractions were absent in this case (Fig. 3e), while unique paradoxical effects were sometimes 
observed - decreased individual twitches associated with tetany (Fig. 3f). At the same time the pessimal 


Fig. 3. Myogram of single tetanized contractions (STC). 

a,b,c) STC on the 8th day after pancreatectomy; the 5th, 15th and 20th minute 
of the experiment, in order; d) STC on the 7th day after pancreatectomy and a 
two-hour maintenance in Ringer's solution; e) absence of STC on the 7th day 
after operation with the compensatory administration of acetylcholine; f) de- 
crease in single twitchings under conditions of acetylcholine compensation 
with tetanization, 


nature of the tetanus was observed, which indicates, apparently, that the changes in the lability of the nerve 
trunk and endings are contradictory. While the lability of the first is increased (as indicated by the absence of 
STC), the lability of the neural endings is decreased. Lower doses of acetylcholine (1;25,000 dilution) gave 
less evident results, but they did bring the condition of the neuromuscular preparation back to normal and 
slowed the development of the single tetanized contraction. 


The results of the above experiments indicate that the effects of pancreatectomy are connected 
with a disturbance in the formation of acetyicholine and are not observed when it is administered in compensation, 
From this point of view, acetylcholine can be regarded as a regulator of the functional state of the neural con- 
ductor, which shortens the duration of the after-effects of excitation, increases the lability and decreases the 
inertness of the flowing excitation. 
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SUMMARY 


Ablation of pancreas in frogs causes development of single tentanized contractions more rapidly and better 
expressed than in control experiments on the fifth and the ninth day after operation, This may be accounted for 
by a decrease in lability of the nervous trunk and intensification of after-excitatory processes, The effects of 
ablation of pancreas are apparently due to an impediment in formation of acetylcholine in the tissues, 
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EXPERIMENTAL DATA ON SECHENOV'S PHENOMENON DURING DYNAMIC WORK 
Communication 2 
CHANGES IN EFFICIENCY IN THE PROCESS OF PROLONGED MUSCULAR ACTIVITY WITH 
PASSIVE AND ACTIVE INTERRUPTIONS 


I. M. Trakhtenberg and I, V. Savitsky 


From the Chair of Industrial Health of the Kiev Medical Institute 


(Received June 9, 1955, Submitted by Active Member of the Academy of Medical Sciences of the USSR, Prof. 
N. N. Gorev) 


In a previously published communication [12], we presented experimental data regarding the types of 
changes which occur in muscular efficiency after “passive” and “active” interruptions of dynamic work, The 
varying nature of the dynamics of the changes in the muscular efficiency of various persons and of the same 
subjects in analogous experiments, which were observed by us, apparently indicate that the re-establishment of 
muscular efficiency after short-term interruptions of a process of muscular activity depends on a number of 
factors; the intensity and duration of the work done, the nature of the rest, the degree of training of the subjects, 
the initial functional condition of the motor analyzer, etc, 


One of the factors which has a considerable effect on muscular efficiency is the degree (intensity) of 
fatigue which develons in the process of muscular activity. In particular, there is a basis for assuming that 
the increase in, decrease in, and disappearance of increased muscular efficiency after active rest also has a 
definite relationship to this factor, Further investigation of this problem can have a certain interest from the 
point of view of understanding the nature: of the mechanism of Sechenov's phenomenon, 


EXPERIMENTAL METHODS 


Work was done on a digital ergograph by the right hand with a weight of 3 kg for men and 2 kg for 
women until complete fatigue. The weight was raised in time to a metronome; one beat per second, 
2-minute intervals were established between separate work periods; passive rest after 2-3 work periods; then 
active rest, Active rest consisted of work with the left hand on another ergograph with a weight of 2 kg for 
men and 1 kg for women, In each investigation the individual *work unit* consisted of 4-5 periods of the 
work described above and was repeated 8-12 times with interruptions of 3 minutes, Thus, prolonged muscular 
work on the ergograph was composed of individual work units, each of which included several work periods 
(until complete exhaustion) with passive and active interruptions, The observations were carried out on 7 
subjects ranging in age from 20-30 years; 4 men and 3 women, 


EXPERIMENTAL RESULTS 


The dynamics of the change in muscular efficiency of subject S., noted in the process of prolonged work 
on the ergograph, are represented graphically below (see drawing). A similar type of change in efficiency was 
observed in the other subjects also, 


As is evident from the drawing, the increased efficiency after active periods grows gradually in comparison 
with the initial indicators (first work unit), reaching the highest level at a certain stage, then it begins to decrease. 
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92746 £2346 12396 
Dynamics of the change in muscular efficiency during prolonged work on the 
ergograph (subjectS). 

Black column - initial work, cross-hatched column - work after passive rest, 
white column - work after active rest; 1, 2, 3, 4, 5,-work periods. Numbers 
between columns - interruptions of work in minutes, 


The comparison of the above dynamics of the change in muscular efficiency after active interruptions 
with the dynamics observed in the same experiments, but after active rest, is of interest, The degree to which 
muscular efficiency is re-establishedafter passive interruptions, as after the active ones also, increases from 

work unit to work unit, then gradually decreases, reaching the initial level at a certain stage, At the same time, 
itdraws attention to the fact that while the degree to which the efficiencyis re-established during the second half of 
the muscular activity after active interruptions is at its lowest level, in comparison with the initial one, the 
degree to which the efficiency is re-established after passive. interruptions still remains at a fairly high level, 
surpassing the level observed at the beginning of muscular activity. 


The results of these experiments show, thus, that the degree to which muscular efficiency is re-established 
after passive and active interruption during a period of dynamic work depends to a great extent on the fatigue 
which develops in the process of muscular activity. A gradual increase in the degree to which the efficiency 
isre-established at the first stage: of prolonged muscular activity, after both passive and active interruptions, 
apparently, can be explained by an increase of the inhibition in the corresponding center asa result of the 
growing fatigue as further work is performed, The decreased degree to which the efficiency is re-established 
observed later, is connected with the fact that the fatigue which develops during the process of prolonged work 
on the ergograph begins to acquire a more evident and stable nature at a certain stage (during the second half 
of muscular activity). At the same time, apparently, the nature and mobility of the inhibition developed in 
the nerve center changes, which can lead to the weakening of its stimulant effect on the regeneration pro- 
cesses, The possibility of such a change in the normal relationships between inhibition and regeneration is 
indicated in the work of G. V, Folbort. Another hypothesis is also possible; the change in the mobility of the 
developing inhibitory process as a consequence of “excessive* preliminary fatigue is primarily evident in the 
stagnant nature of the inhibitory process, This, in turn, can lead to the fact that subsequent muscular activity, 
occurring against a background of a certain inhibition of the nerve centers, can differ from the preceding activity 
by a considerable decrease in efficiency, It is possible that the reason for the weakening of Sechenov's effect of 
increased efficiency during prolonged dynamic work (as well as the reason for its strengthening during the first 
stages) should also be sought in the nature of the inhibitory process which arises, This also refers to the disappearanc: 
of the effect of active rest which we observed during the last work periods, It is known that the reinforcement of 
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the inhibitory process during the period of active rest is based on the negative induction from the area of 
excitation which arises due to the afferent impulses from the working muscles, It is also known that the negative 
induction subsequent to the cessation of the basic work preceding active rest also has significance* , Apparently, 
the fatigue which develops in the process of muscular activity facilitates the further reinforcement of the inhib- 
itory process, As the result of this *summation® of the above effects, the inhibition which develops in the center 
can acquire an even more profound nature than in those cases in which one of these factors acts preeminently; 
either active rest or the preceding fatigue. However this “summation"® of effects and the inhibitory process, 
which is a consequence of this increase and which determines the higher efficiency after active periods in com- 
parison with the initial efficiency, proves to be advantageous only to a certain point. As further work is performed, 
when the developing fatigue reaches a very considerable degree, as a consequence of which the level of efficiency 
begins to approach the initial state, the "lamination" of active rest, apparently, leads to overstcaining of the in- 
hibitory process, as a result of which the *Sechenov effect" of increased efficiency disappears, Hence the para- 
doxical, at first glance, fact that, in the presence of evident fatigue the lowering of efficiency after passive inter- 
ruptions (without "laminating" inhibition due to active rest) occurs less intensively and to a lesser degrce than 
after active interruptions, becomes understandable, The data which were obtained allow the hypothesis that 
the absence of the eftect of active rest in individual cases and with considerably less prolonged work (see the 
first communication) is also connected with the nature of the inhibitory process as suggested above. It can be 
hypothesized that the preceding muscular activity (either alone or in combination with work during active rest) 
was excessively faticuing for persons who do not show the effect of increased efficiency after active rest. The 
data which were obtained should be taken into account when utilizing active rest in the practice of the rational 
organization of a suitable regime. 
SUMMARY 
Intensification, relaxation and disappearance of working efficiency effect after active rest depend upon the 
degree of fatigue developing with muscular action, A gradual intensification of the Sechenov effect in the first 
period of dynamic work may be accounted for by intensification of inhibition in nervous centers due to the in- 
crease of fatigue with further work, In case of a stronger fatigue the intensified inhibition acquires a mote pro- 
nounced character at the expense of simultaneous negative induction appearing during the active rest, 
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* The positive induction which arises in the center after the cessation of inhibition and preceding the renewal 
of the basic work, also has a certain role in the effect of increasing efficiency during active rest. 


** In Russian. 
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PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY 


REFLEXES FROM THE INTESTINAL CHEMORECEPTORS ON THE HEART IN EX- 
PERIMENTAL MYOCARDITIS (FROM EKG DATA) 


I, E. Ganelina 
From the Therapeutics Section (Head- Active Member of the Academy of Medical Sciences of the USSR,Prof,. 


M. V. Chernorutsky) and Laboratory of Pathophysiology (Head-Prof. V. S. Galkin) of the I. P, Pavlov Institute 
of Physiology of the Academy of Sciences of the USSR, Leningrad, 


(Received April 17, 1956. Submitted by Active Member of the Academy of Medical Sciences of the USSR 
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In spite of the fact that there have been many clinical and experimental observations regarding the re- 
flex influences from the gastro-intestinal tract on the heart [2,5,7,8,9,10,16,20,21,22), the problem of these 
influences still needs further study, In particular, very little attention has been paid until now to the reflexes 
from the chemoreceptors of the gastro-intestinal tract on the heart, Yet our clinical observations have led us 
to the impression that, in the presence of pathology of the cardio-vascular system or the gastro-intestinal tract, 
the reflex influences from the chemoreceptors of the latter could be a direct cause of changes in cardiac activity 
[3,6]. 


In the literature available to us we found only two papers in which the reflexes from the chemoreceptors 
of the stomach and rectum on the heart were studied with electrocardiographic (EKG) data under the conditions 
of aseries of experiments on dogs, In these papers it was shown that in the presence of experimental myocarditis, 
gastritis and proctitis, the reflexes from the chemoreceptors of the stomach and rectum on the heart become 
more evident. 


In order to confirm our clinical observations, we considered it necessary to set up experiments with per- 
fusion of an area of the gastro-intestinal tract, since perfusion of an organ which is connected with the system 
by nerves only is the most exact method of judging the reflex influences of its chemoreceptors, 


In the preceding paper [6], we showed that in the presence of pathosis in the gastro-intestinal tract of 
cats under conditions of perfusion, evident reflex changes of the heart (according to EKG data) could be obtained 
when the chemoreceptors of the intestines were stimulated with acetyl choline, 


The present work was undertaken in order to study the reflex influences from the gastro-intestinal tract 
on the heart when it is in a pathological state. 


EXPERIMENTAL METHODS 


The experiments were set up on cats in which experimental myocarditis was caused by the usual methods 
(1, 12, 13); caffeine benzoate, using 0.25 mg per 1 kg of the animal's weight, was adininistered intravenously 
4-6 times in succession to the animals and then two minutes later 0.1% solution of adrenaline hydrochloride, 
using 0.2 ml per 1 kg of the animal's weight, Critical experiments (under urethane narcosis) were setup 3-8 
weeks after beginning the injections, The ileal area and, in part, the sinall intestine, which kept only a nerve 
connection with the system, were perfused with oxygenated Tyrode's solution by V. N, Chernigovsky's method 
{18}; the arterial pressure in the carotid artery and respiration through a cannula inserted in the trachea were 
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recorded on a kymograph. Electrocardiographs were taken with the EKP-4 apparatus from the three standard 
leads (needle electrodes) before the operation to isolate the intestines, after the operation, after the initiation 
of perfusion and then when the stimulant was administered during the experiment. Acetyl choline in a dosage 
of 10-20-50 y served as the stimulant of the chemoreceptors. After the experiment, the animal's hearts were 
subjected to histological examination. 


EXPERIMENTAL RESULTS 


In all, 61 experiments were set up; 36 on control cats and 25 on cats with experimental myocarditis. 
Histological examination of the cats with experimental myocarditis revealed degenerative changes of the cardiac 
muscle to some extent in an overwhelming number of cases, These changes were evidenced as homogenization 
of the muscle fibers, —a loss of cross-sectional outlines, Sometimes the muscle acquired a granular appearance; 
individual fibers were in a condition of degeneration, Control examination of the cardiac muscle of healthy 
cats after the experiment showed that the described changes did not occur during the experiment with perfusion 
of the intestinet 


The EKG of normal (healthy) cats, taken before the beginning of the operation for the isolation of the 
intestines, has pronounced positive R and T waves in the II and II leads and a small S wave in the same leads; 
the I lead usually has a low voltage for all the waves, EKG changes (primarily of the T wave; it became iso- 
electric or negative in two-three leads) were found to some extent in 14 of the 25 cats with experimental 
myocarditis even before the intestines were isolated, The operation for isolating the intestines did not cause 
any substantial EKG changes, As regards the effect of the perfusion itself (with Tyrode's solution), it caused 
considerable EKG changes in two cats with experimental myocarditis which remained throughout the entire 
experiment (in one case the isoelectric wave Ty-y77 became negative, in the other a considerable depression 
of the negative Ty-m Wave occurred), In other cases the electrocardiograph did not change in responce to 
perfusion, When acetyl choline was brought into the intestines in the indicated dosages, no substantial changes 
were observed in the EKG of healthy cats (usually a distinct pressor reflex was registered on the kymograph at 
the same time); only in 7 cats out of 36 were small changes of the T wave observed, evidenced as its small 
elevation or depression (not over 1 mm). The reflex nature of these changes was proved by the fact that acetyl 
choline did not cause the indicated changes after the administration of 1 ml of a 1% solution of novocaine into 
blood vessels of the intestines, 


EKG changes were noted in 12 cats out of the 25 with experimental myocarditis when acetyl choline was 
perfused, while in 10 cases these changes were noticeable; extrasystole (single extrasystoles, bigeminy, group 
politopic (multiple-beat) extrasystoles) appeared or the T wave was changed substantially, becoming iso- 
electric or negative instead of positive and, in some cases positive from negative; in one case a lowering of 
the S-T line was observed in the EKG. 


Most frequently 20y, sometimes 10 y or 50 y, composed the threshold dose of acetyl choline which caused 
EKG changes, The development of EKG changes corresponded in time with the pressor reflex registered on the 
kymograph; in some cases of extrasystole, the EKG changes corresponded to its second, depressor, phase of the 
double-phased blood pressure reflex. 


The changes which occurred in the EKG under the influence of acetyl choline administration disappeared 
in a few minutes and the EKG took on its usual appearance. Repeated administration of acetyl choline caused 
the same changes again, Preliminary denervation of the intestinal loop or the administration of novocaine to 
it brought about a disappearance of the changes in the EKG as well as in the arterial pressure in response to the 
administration of acetyl choline, which indicates the reflex nature of the above EKG changes (Fig. 1-3). 


Pronounced EKG changes in response to the addition of acetyl choline to the perfusate were observed most 
often in those animals in which EKG changes were observed even before the preparations for perfusion were 
begun (9 out of 12), 


I take this opportunity of expressing deep appreciation to DoctorE. E. Kikayon for examining the pre - 
parations (1.G.). 
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Fig. 1. Electrocardiogram of animal No, 22-experimentai myocaraitis. 
1) before beginning preparation; 2) after beginning perfusion; 3) during 
administration of 20¥ of acetylcholine into the blood vessels of the intes- 
tines; 4) 10 minutes after administration of acetyl choline; 5) during ad- 
ministration of 20y of acetyl choline into the blood vessels of the intes- 
tines after preliminary administration of 2 ml of 1% novocaine solution; 
I, Il, III) leads. 
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Out of 13 cats in which reflex changes of the heart (according to EKG data) were not observed when the 
chemoreceptors of the intestines were stimulated with acetyl choline, substantial EKG changes were observed 
in two after perfusion was begun, in 4 cases out of the remaining 11 the EKG was changed before the operation 
for isolating the intestines was begun, in the 7 remaining cases there were no EKG changes, Thus, the impression 
is created that reflex changes of the heart occur most frequently in those cats in which EKG changes were regis- 
tered before the experiment as well, However, it was not possible to observe a direct relationship between the 
extent of the EKG changes before beginning perfusion and the extent of reflex changes in the cardiac activity 
under the influence of stimulation of the chemoreceptors of the intestines. No direct relationship was found 
between the extent of anatomical changes in myocarditis, the EKG changes before the experiment, and its further 
changes during the experiment. 


In agreement with the data in the literature [12, 13], inflammatory and degenerative changes which later 
lead to the development of cardiosclerosis develop after the administration of caffeine and adrenalin in the myo- 
cardium; changes in the external blood vessels of the heart were also observed. Our observations show that EKG 
changes were present in the experimental cats even before the intestinal operation was begun, indicating affection 
of the cardiac muscle; a different degree of degenerative changes was found in the cardiac muscle, Investigations, 
mostly carried out by pharmacologists [12, 13, 14], showed that in animals with experimental myocarditis, the 
reactions (particularly the cardio-vascular ones) in response to various pharmacological substances change; the 
animals become more sensitive to some substance, and sometimes their responses to these substances are distorted. 
The authors explain the increased sensitivity by changes in the state of the autonomic nervous system. 


On the other hand, experimental work [5, 11, 17, 20, 23] has shown that in the presence of cardiac path- 
ology, the reflexes from the mechanoreceptors of the gastro-intestinal tract on the heart (according to EKG data) 
become pathological. 


Thus, the reflex changes of the heart during stimulation of the chemoreceptors of the gastro-intestinal 
tract with acetyl choline in our experiments can be explained by changes in the general reactivity in the presence 
of experimental myocarditis and by a pathological process in the cardiac muscle itself, In conclusion, it seems 
necessary to us to stop at two moments. 
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Fig. 2. Electrocardiogram of animal No, 9 - experimental myocarditis, 

1) against a background of perfusion; 2) during administration of 20y acetyl choline into 
the intestinal blood vessels; 3) 10 minutes after acetylcholine administration; 4) during 
administration of 50y acetyl choline into the intestinal blood vessels; 5) 10 minutes after 
administration of acetyl choline; 6) on administration of 50y acetyl choline into the in- 
testinal blood vessels against a background of preliminary administration of 2 ml of 1% 
solution novocaine- 1, I], IIL) leads, 


Fig. 3. Electrocardiogram of animal No, 21 - experimental myocarditis, 

1) against a background of perfusion; 2) during administration of 20y acetyl choline into 
the intestinal blood vessels; 3) 10 minutes after acetyl choline administration; 4) during 
administration of 50y acetyl choline into the intestinal blood vessels; 5) 10 minutes after 
acetyl choline administration, 6) on administration of 2 ml of 1% novocaine solution into 
the intestinal blood vessels against a novocaine background; I, II, IIL) leads. 
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First, there are differences between the EKG changes occurring on stimulation of the chemoreceptors of 
intestines changed by a pathological process in the presence of a healthy heart (I, E. Ganelina, 1955) and the 
EKG changes observed in the presence of pathology of the heart and with healthy intestines, 


In the first case, changes in the final part of the ventricular complex were registered primarily; extrasystole 
was not observed once, In the majority of cases pronounced EKG changes were observed on perfusion of the 
intestinal loop with oxygenated Tyrode's solution, Apparently, the nature of the reflex changes is connected to 
a considerable extent with part of the reflex arc which is affected: the afferent or the efferent, 


Secondly, it is necessary to observe that the EKG changes which we observed during the administration of 
acetyl choline into the blood vessels of the perfused intestines differed substantially from the changes which were 
described when acetyl choline acted directly on the heart [19]. We did not observe a shortening of the S-T 
segment nor an elongation of the auriculo-ventricular conductivity, 


The results of this work are confirmed by our clinical observations that when pathosis of the cardio- 
vascular system is present, the reflexes from the chemoreceptors of the gastro-intestinal tract on the heart can 
cause substantial changes in the latter, 


SUMMARY 


Reflex influences from intestinal chemoreceptors on the heart were studied on cats according to the 
methods of V. N. Chernigovsky. Chemoreceptors of an isolated loop of intestine were stimulated by acetyl- 
choline (10-50 y ), In normal cats there were no essential changes in EKG, Cats with experimental myocarditis 
showed some reflex changes in cardiac action { single, extrasystoles higeminia group polytopic extrasystoles, 
negativation of the T-wave), 
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During the last few years it has been shown in a number of investigations that novocaine causes a complex 
picture of functional changes when administered into an animal or human organism, by acting on the central 
nervous system [2, 3, 4, 6, 5, 11, 14]. 


It was also established that under the influence of a vago-sympathetic novocaine block the tonus of the 
cardio-vascular system is raised [8, 12], and after the block, during shock, the arterial pressure is raised [1, 5, 
7, 10). 


In the literature available to us we did not find any special investigations devoted to the problem of the 
mechanism of action of the vago-sympathetic novocaine block on arterial pressure in burn shock, Regarding 
such shock as a variation of traumatic shock, we decided to study the changes in the reflex reactions of arterial 
pressure after vago-sympathetic novocaine block in burn shock, 


EXPERIMENTAL METHODS 


The reflex reactions of the arterial pressure after blocking were the indicator of the functional state of 
the vasculomotor center, 


Shock was produced by burning the rabbits with boiling water according to F. 1. Kovshikov's method. 


In order to discover the mechanism of action of the vago-sympathetic novocaine block, the reflex reactions 
of arterial pressure to stimulation of the proximal segment of the sciatic nerve and to pressure on the carotid artery 
were analyzed, 


In order to study the changes of the reflex reactions of the arterial pressure in connection with stimulation 
of the central section of the sciatic nerve, the animal's sciatic nerve was exposed before administering the burns 
and picked up with a heavy ligature, After burning, when the arterial pressure fell to 60-90 mm of mercury, the 
nerve was bound and cut, The proximal end of the nerve was stimulated by an induction current (the distance 
between the coils was 15-40 cm) for 2-10 seconds, 


Pressor, sometimes two-phased, reflex reactions of the arterial pressure were observed in response to 
stimulation of the sciatic nerve. 
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In experiments devoted to the discovery of changes in the reflex reactions of the arterial pressure in 
connection with lowered pressure in the carotid sinus, we studied changes in the reflex reactions of the arterial 
pressure after vago-sympathetic novocaine block in response to pressure on the carotid artery below its 

bifurcation, Dicffenbach's clamp was laid on the carotid artery for 6-20 seconds before and after vago-sympathetic 
novocaine block, 


EXPERIMENTAL RESULTS 


During the first 5-10 minutes after the block, the pressor (Fig. 1) and depressor reflex reactions, together 
with an increase in the general arterial pressure of the animals, increased in response to stimulation of the 


sciatic nerve, 


The reflex reactions gradually decreased 5-10 minutes after the block and, as the general arterial pressure 


a returned to the original level ( before the block), they became the same as before the block. 
a After vago-sympathetic novocaine block, carried out during the low original arterial pressure (30-50 mm 
a. of mercury), reflex reactions to stimulation were absent, while the general arterial pressure decreased Fig. 2). 
4 
q On the basis of study of the changes in the reflex reactions of the arterial pressure to stimulation of the 
7 proximal end of the sciatic nerve after vago-sympathetic novocaine block during burn shock, the following was 
4 established: 
a 1) During the first 5-10 minutes, reflex reactions to stimulation of the proximal end of the sciatic nerve, 
q along with increased general arterial pressure, increase, decreasing later; 


” 2) Along with a decrease in arterial pressure after the block, which was carried out at the original low 


arterial pressure (30-50 mm mercury), reaction of the arterial pressure to stimulation of the nerve is absent, 


During the state of shock, a considerable decrease in the level of the reflex reactions of the arterial 
pressure to pressure on the carotid artery (from 17-23 to 3-12%) was observed, 


After vago-sympathetic novocaine block, carried out at an arterial pressure above 70 mm of mercury, a 
considerable gradual increase in the reflex reactions was observed immediately (from 8-12 to 23-45%). 


The reflex reactions of the arterial pressure in response to pressure on the carotid artery in these cases 
increased during the first 10-15 minutes after the block, together with an increase in the general arterial pressure, 
Then the reflex reactions decreased gradually and the general arterial pressure decreased simultaneously, 


The interesting fact should be noted that reflex reactions to pressure on the carotid artery were absent 
and decreased, together with a decrease in the general arterial pressure after a second block, carried out at the 
original arterial pressure of less than 70 mm of mercury @ig. 3). Changes in the reflex reactions occurred 
simultaneously with a decrease in the general arterial pressure, 


Thus, changes should be noted in the reflex reactions of the arterial pressure after vago-sympathetic novo- 
caine block, evidenced as the fact that at the original arterial pressure, exceeding 70 mm, along with an increase 
in the general arterial pressure, the reflex reactions of the arterial pressure first increased, then gradually de- 
creased; at an arterial pressure of less than 70 mm, however, vago-sympathetic block caused a decrease in the 
reflex reactions with simultancous decrease of the general arterial pressure. 


Experiments showed that the decrease in arterial pressure after vago-smypathetic novocaine block is a 
phase of the vascular pressor reaction, As a rule, this reaction passed through two phases in its development, 
At the beginning of the application of the vago-sympathetic novocaine block (first phase), the arterial pressure 
quickly increased to a certain level, At this time, the reflex reactions to pressure on the carotid artery and to 
stimulation of the sciatic nerve increased. 


On the basis of the results obtained it can be stated that an important role in the mechanism of action 
of the vago-sympathetic novocaine block belongs to changes in the functional state of the vasculomotor center. 


Taking into account the phase differences in the excitability of the vasculo-motor center, the problem 
of the time at which vago-sympathetic novocaine block should be applied as a therapeutic measure should be 
decided individually in each instance, taking into account the extent to which the blood pressure falls in 
burn shock, 
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Fig. 1. Changes in py reflex reactions on stimulation of the proximal 
segment of the sciatic nerve (Experiment no, 87). 

Curves (top to bottom): respiration, arterial pressure (in mm of mercury), 
indicator of stimulation, time indicator (2 seconds), The figures below 
the bottom line - duration of stimulation (denominator-duration of stim- 
ulation after vago-sympathetic block), 


Fig. 2, Changes in the reflex reactions on stimulation of the 
proximal end of the sciatic nerve (Experiment no, 85) 
Symbols the same as in Fig. 1. 


Fig. 3. Changes in the reflex reactions on pressure on 
the carotid artery (Experiment no. 69). 
Symbols the same as in Fig. 1. 
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SUMMARY 


It is shown in experiments on rabbits that vagosympathetic block in burn shock may elicit reflex changes 
in blood pressure when the sciatic nerve is stimulated and the carotid artery clamped according to the degree o/ 
blood pressure fall during shock, 
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As shown in our previous investigation [1], excessive excitation of the central nervous system unfavorably 
affects the development of experimental tuberculosis, In the present work we studied the effect of moderate 
excitation of the central nervous system on the development of the indicated pathological process, 


Such a condition can be produced with the help of caffeine injections. Prolonged administration of small 
doses of caffeine, V. K. Fedorov points out, leads to increased excitability of the cerebral cortex and, through 
induction, to an increase in internal inhibition and an increase in the mobility of the nerve processes [V. K. Fedorov, 2). 


We studied the effect of small doses of caffeine on the course of experimental tuberculosis in 207 white mice 
weighing from 17 to 20 g. Caffeine (0.05 mg for each mouse) was administered to part of them (89); subcutaneously 


daily for 7 days prior to infection; caffeine was not administered to 86 mice, which composed the control group, 
After 7 days, the experimental and control mice were infected intravenously with a culture of tuberculosis bacteria 
(strain 109 of the bovine type) in a dose of 0.015 mg in 0,25 ml of physiological solution, Daily caffeine injections 
of the experimental mice were continued until the 41st day from the time of infection, Then caffeine administration 
was discontinued for 33 mice of the experimental group, since in the above-mentioned work of V. K. Fedorov it was 
established that the effect of small doses of caffeine, administered for 40-45 days, remains during the subsequent 

20 days. 


Out of 34 which went into the second control group, 4 were killed before the beginning of the experiment as 
a contro] over the original state of the internal organs, The effect of prolonged use of caffeine on the internal 
organs was studied on the remaining 28 uninfected mice, Experimental and control mice were killed during the 
course of the experiment, on the 6th, 18th, 24th, 30th, 41st, 50th and 60th day after infection, with 12-15 animals 
in each group, The mice were weighed before autopsy, The lungs (together with the heart) and the spleen were 
weighed and the coefficient of the weight of the organs was determined, At autopsy, the pathological anatomical 
changes were found, evident as the appearance of greyish-yellow nodes in the lungs and as an increase in the size 
of the spleen. Visible changes were not observed in the other internal organs, 


Microscopic appraisal of the tuberculous changes in the lungs was made on the basis of a count of the 
number and of a determination of the size of the tubercles, 
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EXPERIMENTAL RESULTS 


Beginning on the 18th day after infection (macroscopically determinable changes were not evident at 
earlier periods) a difference was found in the number of tubercles formed in the lungs of animals in the control 
group. (Table 1). Thus, on the 24th day after infection, a considerable number of tubercles was found in 10 out 
of 13 control animals, At the same time, only in two cases out of 13 was a great number of tubercles found 
among the experimental animals, On the 24th, 41st and 60th day after infection, tubercles in greater numbers 
and of a greater size were found in the lungs of the majority of mice of the control group, while at the same 
times after infection, tuberculous changes in the lungs of the experimental mice were found in the form of single 
tubercles, and only in a few mice was a large number of tubercles found ("Table 1"). 


During the period from the 41st to the 60th day of illness, when the caffeine infections were stopped, a 
large number of tubercles was discovered in the lungs of part of the experimental mice: in 5 case out of 15 by the 
50th day, in 4 animals out of 18 on the 60th day after infection, At those same times, pathological anatomical 
changes in the lungs of the control animals were incomparably more evident, 


TABLE 1 


Number of Tubercles in the Lungs of White Mice 
(according to autopsy data) 


of mice ++ | +++ lof mi 4 + 
18 10 5 3 2 - 12 10 2 — _— 
24 13 l 2 4 6 13 3 8 3 = 
30 10 l 5 3 l 10 2 l 4 3 
41 l l 9 10 6 4 
50 14 € 5 l 2 15 3 6 l 5 
60 17 2 3 9 18 l 13 “= 4 


Symbols: — absence of tubercles, + single tubercles, ++ small number of tubercles, 
+++ large number of tubercles, 


The results of the experiment on all autopsy days were as follows: a large number of tubercles were found 
in the lungs of 27 out of the control group of 86 mice, single tubercles were found in 18 cases, Single tubercles 
were observed in the lungs of 36 mice out of 89 experimental animals, A large number of tubercles was observed 
in only 12 observations (Fig. 1). 


Fig. 1. Number of tubercles in the lungs of mice of the con- 
trol (a) and experimental (b) groups. 

I) absence of tubercles, IL) single tubercles, III) average num- 
ber and IV) very many tubercles. 
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A difference in the weight increase of the lungs and spleen was also observed in mice of both groups. 
Thus, the average weight of the lungs of the control mice by the 60th day of illness was 633,2 mg, of the spleen- 
713 mg; by the same time the average weight of the lungs of the experimental mice was 622,5 mg, of the spleen - 


322.5 mg. 


The weight of the lungs of healthy mice which received caffeine for a long time did not change substantially, 
varying between 530 and 584,5 mg on the average, the weight of the spleen was not more than 240 mg. The co- 
efficient of the weight of the organ was taken as the indicator of the weight of the organs of animals in the contro! 
and experimental groups, It was established that the weight coefficients of the lungs and spleen of mice in the 
experimental and control groups changed in the same way as the absolute weight of these organs (Table 2). 


TABLE 2 


Combined Weight Data in Experiments Studying the Dynamics of the Tuberculosis Process in Mice 


Average Coefficient 


| Average Weight 


of the body | of the lungs of the spleen jof the weight} of the weight 
inmg) __|_of the lungs | of the spleen 
Healthy mice: 
before the experiment 23.2 350 24.8 15.3 
receiving caffeine 6 times 22.4 240 23.8 8.8 
After infection: 
6 days after 
23.8 238 20.1 9.6 
experiment «eeeceees 23 211 22.2 8.9 
18 days after 
CONTOL weccccvecece 22.3 467.5 27.9 20.9 
experiment (caffeine 21 23 355 23.7 15.4 
times) 
healthy mice at this time 27 370 22.6 13.6 
24 days after 
CONTO] 20.9 509.3 28.8 24.3 
experiment (caffeine 24 22.8 394,3 25.2 17.7 
times) 
healthy mice at this time 23.8 200 23.9 8.3 
30 days after 
cc 21.5 472 28.2 21.9 
experiment (caffeine 32 23.6 322 24,7 13,2 
times) 
healthy mice at this time - 
41 days after 
COMO] 21.6 105 511 31.2 22.6 
experiment (caffeine 40 25.5 601 244 23.5 9.5 
times) 
healthy mice at this time 29 566 209 19.5 1.2 
50 days after 
COMME 27.2 542.6 324.6 19.9 11.9 
experiment (caffeine not 25.5 611.1 454,17 23.9 17.8 
administered) 
60 days after 
COMO] 25,1 833.2 713.3 33,1 28.4 
experiment (caffeine not 25,1 622.5 322.5 24,7 12.8 
administered) 
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From the data of Table 2 it is evident that the weight of the lungs, spleen, and also the weight coefficients 
were higher in animals of the control group. 


Thus, a difference in the degree of affection with tuberculosis of mice of the control and experimental 
groups was established, The number and size of the tubercles in the lungs, the absolute weight of the lungs and 
spleen, the coefficients of the weights of these organs were considerably larger in the control animals which did 
not receive caffeine than in the experimental ones, 

The lungs of animals of all three groups were taken 
for histological examination (including the lungs of 
healthy mice, receiving caffeine); sections were stained 
with hematox ylin-eosin, Sudan III (for fat) and were stained 
for tubercle bacilli, Part of the sections were made with 
the freezing microtome; some organs were first imbedded 
in paraffin, 


From the 6th day of illness until the 60th day, 
morphological nonspecific changes in the form of lymphoid 
infilwates, surrounding the bronchi and blood vessels with a 
broad band were observed in the lungs of all the mice, The 
tubercles visible at autopsy in the lungs of the control and 
experimental mice represented areas of catarrhal-desqua mating 
pneumonia histologically, The alveoli in the affected part 
of the lung contained exudate, consisting primarily of alveola: 
macrophages - large cells with foamy protoplasm, an eccen- 
trically located nucleus and fatty inclusions in the protoplasm. 
In addition to the alveolar macrophages, lymphoid cells and 
polymorphonuclear leucocytes were found in the exudate, 
Such tubercles were enclosed at the beginning of the ill- 
ness, but as the tuberculous process developed, they merged, 
forming massive diseased areas which contained tubercle 
bacilli, the latter were either located inside the macro- 
phages or lay free. The sizes of the tubercles in the control 
mice, according to microspic data, were considerably larger 
by comparison with the same measurements in the lungs of 
the experimental animals. Merged tubercles were most ofte: 
seen in mice which had not had caffeine administered. They 
appeared earlier than in the experimental animals, On the 
60th day after infection the lung parenchyma of 10 animals 
out of 17 in the control group was affected throughout, with 
the exception of a few alveoli free from exudate (ig. 2). 

In 4 cases, wide areas of necrosis were observed, the affecte: 

parenchyma had the appearance of a homogeneous structur¢ 

less pink mass with an accumulation of nuclear powder. 

Merged tubercles were observed by the 60th day of illness 
Fig. 3. Histotopogram. Merged tubercles, in only 4 cases out of 18 experimental mice. However, 
surrounded by airy lung tissue. in distinction to what was observed in the control animals, 
Mouse No, 589- experiment. Magnification 5x. in these cases considerable areas of airy pulmonary tissue 

occurred around the merged tubercles, Evident necrosis 
was not observed in the affected part of the lungs of the experimental mice (Fig. 3). 


Fig. 2. Histotopogram. Total affection of the 
lungs. 
Mouse No, 611-control. Magnification 5x. 


Microscopic examination of the lungs of healthy mice which received caffeine showed the presence of 
pulmonary tissue with unchanged structure in the majority of cases. The alveoli were free, the alveolar walls 
thin, In part of the cases peribronchial and perivascular lympoid infilmations, thickening of the alveolar wa! 's 
(due to proliferation of the histiocytic cells) were observed, Also observed were areas of emphysema; the bronchi 
were distended, the bronchial mucosa was smoothed, the alveolar walls thinned and torn. 
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Evaluating the changes observed quantitatively, on the basis of macro-and microscopy, it can be noted 
that the number and sizes of the tubercles, the weight of the lungs, spleen and coefficients, of weight and of 
these organs were greater in mice of the control group. Tubercles of average sizes and of a coalescent nature 
were found more frequently in this same group of animals. Coalesced tubercles appeared considerably later in 
mice which has been administered caffeine a long time; necrotic affection of the lungs of the experimental 
mice was absent. Summarizing the above results of observations, we can note that the prolonged administration 
of small doses of caffeine to white mice infected with tuberculosis leads to a distinct mitigation of the develop- 
ment of the specific process. Consequently, moderate reinforcement of the processes of excitation and internal 
inhibition, as well as an increase in the mobility of the nerve processes, has a positive effect on the state of 
natural immunity to tuberculous infection, It is also possible to reach the conclusion from these data that 
changes in the functional state of the central nervous system have a considerable effect on the development of 
experimental tuberculosis, 


SUMMARY 


The action of moderate stimulation of excitatory process in the central nervous system upon development 
of experimental tuberculosis was studied, 


Mice infected with tuberculosis received caffeine during 7 days before and 41 days after infection (0,05 mg 
subcutaneously), 


Macro- and microscopic research has shown that the number and size of tubercles, weight of lungs and 
spleen and weight coefficients of these organs are larger in mice not injected with caffeine, These mice also 
revealed some necrotic lesions in lungs which were not observed in mice injected, 


Thus repeated injections of caffeine increases resistance of animals against experimental tuberculosis and 
leads to attenuation of the specific process, 
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[1] K. A. Poletaeva, in the book: Study of the Role of the Nervous System in the Pathogenesis and Therapy 
of Tuberculosis,*Medgiz, 1954, pp. 270-280. 


(2] V.K. Fedorov, Farmakologiya, 1952, No, 1, pp. 7-13, 


* In Russian. 


2% 
by 
ae 
> 
ray 
43 
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The investigation of the differences in the clinical and immunological reactions of the immune and non- 
immune system to the administration of antigen has been described in the literature sufficiently. However, the 
physiological mechanisms which determine these differences, including the parameters of the excitability of 
the tissues and systems, have been studied little [1, 2, 3, 4]. In this connection, a comparative investigation 
of the chronaxy of the various tissues of the inamune and non-immune animal during antigen administration 
represents considerable interest. 


EXPERIMENTAL METHODS 


The experiments were carried out on rabbits which were immune to tetanus and botulism and on non- 
immune ones, on which were made determinations of the subordinate chronaxy of the tibial muscle and of the 
sciatic nerve on the side on which the toxin was administered during several days before and after the admin- 
istration of toxin; in addition, the chronaxy of the spinal cord and of the motor zone of the cerebral cortex 
were determined, The work was carried out on 34 rabbits - 13 immune ones and 21 non-immune. The chronaxy 
of the spinal cord was determined either through the skin after preliminary (several days in advance) excision of the 
spinous process and arch of one of the lumbar vertebrae, or with the help of needle electrodes which touched 
each other through the intervertebral space, Silver needle electrodes were used to determine the subordinate 
chronaxy of the muscles, The chronaxy of the motor zone of the cerebral cortex was determined either through 

1e skin after the preliminary excision of the corresponding area of the skull bone, or with the help of platinum 
electrodes (0,3 mm in diameter), which were enclosed in a plastic sleeve passed through the trephined opening. 


A condenser chronaximeter was used in the experiments, The chronaxy determination was carried out 
unipolarly. The inert electrode was inserted in the animal's rectum, 


The experiment was carried out in the following manner, For several days prior to the administration of 
toxin, the chronaxy of the rabbits was determined, after which 0.25 - 0.3 ml of toxin was administered into the 
tibial muscle and the chronaxy was determined again during the hour, Later the chronaxy was determined daily, 
The rheobase was measured in volts, the chronaxy in microfarads with subsequent conversion into sigmas. 


Experiments on rabbits not immune and immune to tetanus (series 1). The following doses of toxin were 


administered to the non-immune animals per 1 kg of weight. 
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10 mouse MLD 1 rabbit 
75 mouse MLD 5 rabbits 
100 mouse MLD 4 rabbits 
150 mouse MLD 2 rabbits 


The administration of 16 mouse MLD of tetanus toxin into the anterior tibial muscle caused the develop- 
ment of a weakly evidenced localized tetanus, The administration of 75 and 100 MLD per 1 kg of weight also 
led to the appearance of localized tetanus which changed into the generalized form only in some rabbits, The 
administration of 150 MLD per | kg of weight caused general tetanus with a subsequent fatal outcome, 


The extent of the changes in the chronaxy level and the nature of the development of the clinical picture 
of the disease in the animal depended on the dosage of the administered toxin, Thus, with the administration of 
10 mouse MLD of tetanus toxin per 1 kg of weight, large fluctuations of the chronaxy were not observed at any of 
the determined points, With the administration of 75or 100 MLD per 1 kg of weight, however, considerable changes 
in chronaxy were noted, In the majority of experiments (9 out of 12), the rheobase and chronaxy changed in the 
same direction, i.e., when the rheobase increased, the chronaxy increased and vice versa, 


In the first minutes after the administration of toxin, a slight shortening of the chronaxy developed, chiefly 
of the subordinate chronaxy of the muscle and nerve, In 24 hours, when there were still no signs of tetanus, a 
lengthening of the chronaxy was observed, which continued to increase in the subsequent days, reaching a con- 
siderable size in comparison with the normal, When the illness remained at the stage of localized tetanus, the 
chronaxy indicators returned to the original level 9-10 days after the administration of the toxin, In the case 
of generalized tetanus, the chronaxy suffered considerable changes, typified by an initial shortening with a sub- 
sequent sharp lengthening of it. 


With the appearance of generalized tetanus, changes also appeared in the motor zone of the cerebral cortex 
which, as a rule, were absent from the phenomena of local tetanus. This fact indicates that, with the local form 
of tetanus, the change in the level of the process of excitability spreads chiefly to the motor neurons of the corres- 
ponding segments of the spinal column, while in generalized tetanus, the motor zone of the cerebral cortex is 
also attacked, 


The immunization of the rabbits against tetanus was carried out by the administration of 1 ml of pre- 
cipitated tetanus anatoxin subcutaneously, and 3-4 months later revaccination was carried out by the subcutaneous 
administration of the same amount of anatoxin, In the experiment shown in Fig. 1, the tetanus toxin was admin- 
istered 8 months after revaccination, The AE titre of this rabbit 2. months before the experiment was equal 
to 1 AE, 


For comparison, in some experiments immune as well as non-immune rabbits which were administered 
the same amount of toxin (75, 100, 150 mouse MLD each) were investigated simultaneously. 


The administration of equal doses of toxin into a muscle had a different effect on immune and non-immune 
rabbits. While no signs of illness appeared in the immune animals, the non-immune rabbits fell ill either with 
localized or generalized tetanus; in the latter case death ensued in 5-6 days. 


The difference was evident not only in the animal's condition but alsoin the changes in the indicators of 
chronaxy. ‘he administration of a fatal dose of toxin into the muscle of an immune rabbit caused a slight 
change in the subordinate chronaxy of the muscle and nerve on the side of toxin administration. These changes 
disappeared on the 3-4th day; the chronaxy changes of the control non-immune animal were more sharply 
evident, It should be noted that the lengthening of the chronaxy of the muscle of a non-immune animal was 
not connected with its rigidity and consequently, with the loss of its contractility since; 1) the lengthening of the 
chronaxy occurred before the clinical signs of tetanus were found); 2) the tetany of the muscles of the affected 
extremity of the rabbits which survived the administration of tetanus toxin remained for a prolonged period, 
while the chronaxy of the muscles gradually returned to the original level Fig. 1). 


Experiments on rabbits, not immune and immune to botulism. In this group of experiments, rabbits were 
used which had been immunized one time by the subcutaneous administration of 1 ml of precipitated botulinus 
anatoxin type "A" and revaccinated by the subcutaneous administration of the same amount of anatoxin 8-9 
months later, 5 immune and 4 non-immune rabbits were taken for the experiment, The level of the normal 


fluctuations of the chronaxy was determined in all the rabbits during 3-4 days pricr to toxin administration, 
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After this, botulinus toxin series "A" IEM ~2 (Institute of Experimental Medicine) was administered in ed anterior 
tibial muscle in lethal doses (5 mouse MLD per 1 kgot theanimal’s body weight; 1 mouse MLD = 0,00025 my). 


The toxin was administered to the immunized rabbits 1-2 months after revaccination. 
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Fig. 1. Changes in the chronaxy after administration of tetanus toxin, 
(75 mouse MLD/ kg) to non-immune (a) and immune (b) rabbits, Arrows 
marl: the administration of toxin. A ) local tetanus. 


1) tibial muscle, 2) spinal column, 3) brain, 4) sciatic nerve. 


In Fig. 2 are shown the results of an experiment in which equal doses of botulinus toxin were administered 
on the same day to immune and non-immune rabbits, 


The administration of such doses of toxin to non-immune animals caused illness within 24 hours, 

the clinical signs of which were evident as a fall of the muscle tone of the extremities and neck,increased 
frequency of respiration and the development of rales. As these phenomena grew, the animai's death occurred 
3-5 days after toxin administration, On autopsy, hemorrhagic destruction of the upper lobes of the lungs, 
hyperemia of the tracheal mucosa, and distention of the intestines were found, 


No signs of illness were found in immune rabbits after the administration of the same doses of toxin. 


As is seen in Fig, 2, the chronaxy changes in immune and non-immune rabbits after toxin administration 
were different, While it was possible to note a fleeting and weak deviation of the subordinate chronaxy of the 
muscle and nerve in the immune rabbits, in the non-immune rabbits considerable disrupticn of the chronaximetric 
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(5 MLD/kg each) Time in days 
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Bot. tox. 
(5 MLD/kg each) Time in days 


of botulinus toxin (5 MLD/ kg). 
Symbols are the same as in Fig, 1. 


significantly. 


and shortening phases of the chronaxy. 


animals, 


Fig. 2. Changes in the chronaxy of non-immune 
(a) and immune (b) rabbits after administration 


indicators at all the determined points was observed, The 


sharpest changes, consisting of a considerable lengthening 


of the chronaxy, were observed in the motor zone of the 

cerebral cortex, Sometimes the shortening phase preceded 
the lengthening phase of the chronaxy of the motor zone of 
the cerebral cortex, 


In the control experiments the following was done; 
1) prolonged determination of the chronaxy of normal rabbits; 
2) determination of the chronaxy after the administration of 
physiological solution in the muscle, In order to establish 

the limit of the normal fluctuations of the chronaxy, in 4 
rabbits the rheobase and chronaxy were determined for 6 

days at intervals of 1-2 days, Then an interval of 38 days 
elapsed. At the end of this time, the rheobase and chronaxy 
were again determined for 7 days, The experimental results 
indicate that the numerical indicators of the chronaxy are 

not constant, However, the chronaxy fluctuations of healthy 
rabbits over a prolonged period of time are insignificant. 
After the preliminary determination of the chronaxy, 0,25 - 
0.3 ml of physiological solution was administered into the 
tibial muscle of three rabbits, which also did not cause 
noticeable changes in the chronaxy, 


On comparing the changes in chronaxy developing 
under the influence of tetanus and botulinus toxins in non- 
immune rabbits, distinct differences were noted, Thus, 
after the administration of tetanus toxin into the muscle, 
the most significant changes were observed in the muscle 
and the least significant ones in the nerve and in the 
spinal column, Changes in the chronaxy of the motor zone of 
the cerebral cortex in response to the administration of toxin 
were noted only in the last days before the animal's death, 


In contrast to this, the administration of botulinus 
toxin into the muscle of non-immune animals caused a 
significant lengthening of the chronaxy of the motor zone 


of the cerebral cortex of early onset,while the chronaxy of the muscle, nerve and spinal column changed less 


N. V. Golikov [2] observed the change in the subordinate chronaxy of the muscles and nerves on admin - 
istration of tetanus toxin to non-immune rabbits, He also noted that the change in chronaxy occurs before the 
development of the clinical picture of the disease and is characterized by an interchange of the lengthening 


The administration of toxins to immune animals does not cause significant changes in the chronaxy. 
Similar differences in the reactions of the tissues of immune and non-immune animals were observed also by 
A. T. Kravchenko and N. V. Galanova [5], A. D. Ado [1], A. N. Gordienko [3, 4] and others with the action of 
various endotoxins (brucellosis, typhus, dysentery, diphtheria, anthrax). 


The immune state of the system is characterized by a lowering of the sensitivity and by the absence of 
significant disturbances in the excitability of the tissues and systems of the organism to pathogenic agents, 
While in non-immune rabbits after the administration of toxins, a considerable rise in the normal chronaxy 
level of early onset is observed, only a weak and fleeting change in the chronaxy could be observed in inimiune 
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SUMMARY 


Chronaximetric reactions of immune and nonimmune rabbits after injection of lethal doses of toxin 
differ , Immune animals reveal no essential changes in chronaxy of muscles, nerve, spinal cord and brain when 
toxin is injected, 


Nonimmune rabbits reveal a considerable change of chronexy, Most pronounced changes arise in muscle 
when tetanus toxin is injected and in the motor zone of the cerebral cortex when botulinus toxin is injected, 
Cnanges in chronaxy appear earlier then clinical symptoms of the disease, 
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One of the first problems in the study of electric tauma resulting from the action of direct current is the 
problem of the significance of the direction of the current through the body of the affected object. Usually 
in physiotherapy it is customary to consider as descending that direction of the current which occurs if the positive 
electrode lies on the upper part of the body (i.e.,nearer the head), while the negative one is on the lower part of 
the body (i.e., nearer the feet), Thus, the discussion is of the technical, not electronic, direction of the current, 


In other words, these concepts are conventional and inexact, However, since they are generally accepted, 
we will use them, 


The fact that the physiological action of direct current of opposite directions varies has long been known 
to Russian researchers [Uspensky, Tarkhanov, V. Yu. Chagovets}]. They showed that ascending current increases 
the excitability of the central nervous system and strengthens reflex reactions, while descending current has the 


opposite effect. In 1951, 1. K. Zyuzina's [1] paper appeared in which the different action of direct current of 
different directions (when passed through the spinal column) was demonstrated by the change in the antitoxic 
function of the liver; its stimulation by ascending current and inhibition by descending. N. V. Shipova and 

I, Ya. Dymshits [2] showed that the stability of the spinal reflex arcs of the frog to ascending current is less 
than to descending current (the electronarcotic threshold is equal to 4 mA on the average in the first case, 

and correspondingly in the second itis 6 mA. All these data were obtained, however, in experiments with 
weak currents, and the differences in the action of stimuli which are evident with a weak degree of stimulation 
are smoothed out (and sometimes completely disappear) when strong stimuli are applied, Therefore the facts 
mentioned above should be checked under conditions in which strong stimuli are applied ("extreme” in their 
intensity), typical of the electropathological experiment. 


EXPERIMENTAL METHODS 


The work was carried out on white mice according to A, U, Aitkulova's method, The mice were included 
in the circuit in pairs and in parallel, but so that the current was ascending in one and descending in the other, 
This was ensured by a quadripolar switch, Thus, 2 mice participated in each experiment. In all, 75 experiments 
(on 150 mice) were set up, with the same weight and sex in each pair and at a constant surrounding temperature 
(18-19°). A voltage of 120 v was used, the duration of the action was 2 seconds, 


In this work we made somewhat more precise the gradation of the reactions obtained, a gradation which 
we appraised earlier, based on the equipment of F. M. Danovich [3], whose method was used by A, U, Aitkulova as 
the basis of her work. F. M. Donovich considered that, under the conditions of the fixation and inclusion of the 
animal into the circuit as suggested by him, electric trauma of the I degree (in the four-stage classification of 
G.L. Frenkel) could not develop since the current passes through the entire body (as in a complete loop), and the 
entire body is included in the convulsions, if they occur, Therefore F, M, Danovich made appraisals beginning 
with the II degree only. Thus did we also act before, But we noticed one form of reaction which, although it 
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did not fall into the I degree according to G. L, Frenkel's classification, still differed markedly (at least among 
mice and under our experimental conditions) from the Il degree reactions, In these cases, markedly evident 
convulsions did not develop, which do not always have the classic extensor nature of opisthotonus in mice, but 
can be flexing also ("rolled up in a ball"), while a generalized “shivering” of the animal was observed with 
clearly evident polypnea, Sometimes this “shivering” presented the impression of clonic spasms, However, 
since the animal'sdeath was never observed in connection with this, while their original condition (judged by 
the duration of the motor reaction) was re-established more quickly than after the typical reaction of the II 
degree, we considered it correct to relate such cases to I degree affection, 


EXPERIMENTAL RESULTS 


If the reaction of the animals is appraised only at the IV degree (fatal affection), then substantial differences 
between the pathogenicity of ascending and descending direct current were not observed; out of 75 mice subjected 
to ascending current, 8 died; when the current was changed 
to descending, 9 out of 75 died. However, when the mat- 
erials are treated by the principle of “weighting® i.e, taking 
into account the significance of all degrees of affection, a 
distinct difference developed fig. 1 and 2), 


In Fig. 1 are shown the data for each ten experiments. 
We see that in all cases the ascending current proved more 
dangerous, In Fig. 2 it is seen that with an increase in the 
number of experiments, the observed difference in the dan- 
ger of the currents has a definite tendency to increase, The 
: curve shown in Fig. 2, which expresses the multiple of the 
CJ Ascending current ratio of the danger of ascending curent to descending, 
MM Descending current stops increasing, after the 5th ten experiments (i.e., after 
50 experiments on 100 mice), so that a further increase 
in the number of experiments (up to 75) did not change it 
direction: the curve varied between the ordinates 2,5-3, 


Number of cases 


Fig. 1. Difference between the danger of direct 

and alternating current including all stages of 

affection, Numerals below the columns are the 

numbers of the tens, Thus, as is evident from our experiment, 120 v direct 
current ascending and descending has the same lethal effect 
on white mice exposed for 2 seconds, 


A distinct difference with respect to the danger of 
currents of different directions is evident when all degrees 
of affection are taken into consideration: ascending 
current is 2.5-3 times more dangerous than descending. 


Number of experiments 


Fig. 2. Explanation in the text, The ratio of 
the danger of 120 v direct current to alter- 
nating current of 36 v (muitiple).* * 
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SUMMARY 


The author studied the effects of direct current (120 v, duration of action —2 sec.) of various directions 
during electropathological experiments on 150 mice, 


It was established that the ascending current is 2-3 times more dangerous than the descending one. 
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Our preliminary observations showed that the subcutaneous administration of 1 MLD of diphtheria toxin 
to guinea pigs and of a double dose (2 MLD guinea pig) to rabbits causes lassitude, inhibition, limited mobility, 
and dyspnea in the animals after a period of 1-3 hours, At the same time, the fur rises, the body temperature 
reaches 40-41° (normally it is 38-39°), Beginning the next day, their condition worsens, their temperature falls 
progressively and at 33-32° the guines pigs die in 2-4 days, the rabbits in 3-7 days, 


The therapeutic doses of barbamyl we found before for rabbits and guinea pigs were used for the therapy of 
diphtheria intoxication by sleep in the experiment, 3-4 days after toxin administration, i.e., at the height of the 
evident intoxication, 12 rabbits and 8 guinea pigs were given barbamyl internally in a warm water solution (in a 
dose of 0.15 ml per 1 kg of weight for the rabbits, of 0.1 ml per 1 kg of weight for the guinea pigs), From the 
next day, the soporific was administered twice a day by the interrupted medicated sleep method for 5-6 days. 


We did not use a comparatively short period of time for the sleep therapy of diphtheria intoxication in 
the animals accidentally, but reached this decision on the basis of data from a preliminary study of the effect 
of barbamyl on the central nervous system and internal organs of healthy animals (rats, rabbits and guinea pigs). 
It was established by investigation that the prolonged administration of therapeutic doses of barbamyl leads to 
the development of profound changes in the animals' organs, These changes basically amount to an insufficient 
supply of blood to the tissues and to protein dystrophy of the parenchymatous organs [7]. Taking the above into 
account, in this experiment the duration of administering the soporific was set at 5-6 days. At the end of this 
time, regardless of the condition of the experimental animal, barbamyl administration was stopped. 


As the first control, 12 rabbits and 4 guinea pigs were used which were administered the same doses of 
toxin subcutaneously, but without subsequent barbamyl administration. 


Ten rabbits and 5 guinea pigs, which received barbamyl, as did the experimental animals, twice a day for 
5-6 days, but without toxin administration, served as the second control. These animals were later decapitated 
at the same time that the experimental animals died or were killed, 


Observations of the condition and behaviour of the experimental] and control animals, their body temperature 
and survival served as the basic tests for judging the effect of the diphtheria toxin and the effectiveness of barbamyl 
sleep on the course of diphtheria intoxication, After the death or sacrifice of the animals, a detailed histological 
investigation of the brain and internal organs was carried out, The pieces of brain or internal organs taken from 
the animals were fixed in 10 % formalin solution, and absolute alcohol, and were imbedded in celloidin, Ordinary 
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and special stains were used for the sections. 


From observation of the animals it was established that the animals which were given only barbamyl 
(second control), behaved like the healthy ones after waking. Among animals in the first control group, which 
were poisoned by diphtheria toxin but without the administration of barbamyl, the phenomena of marked intoxi- 
cation and prostration were observed, followed by death. The condition of the experimental animals was serious 
for 2-3 days and did not differ from the condition of the animals in the first control group. With the 3-4th day, 
the course of the diphtheritic process in the experimental animals began to differ, so we distinguished three sub- 
groups, depending on the seriousness of the illness. In subgroup A (3 rabbits and 4 guinea pigs), the condition of 
the animals progressively grew worse and they died in the same length of time as did animals in the first control 
group, i.e., on the 3-8th day of the experiment. 


A gradual improvement of the general condition, becoming especially noticeable on the 6-7th day of the 
experiment, but replaced by an unexpected deterioration on the 9-10th day of the experiment, was found among 
the animals in subgroup B (4 rabbits and 2 guinea pigs). Auscultation through a phonendoscope revealed a 
muffling of the heart sounds, indicating a picture of developing myocarditis. Barbamy! was again administered 
to three rabbits in this subgroup. However, its repeated administration did not produce improvement and all 6 
animals died on the 12-15th day of the experiment. 


In subgroup C (5 rabbits and 2 guinea pigs), from the 3-4th day of the experiment, a gradual improvement 
and then recovery of the animals was observed. In order to study the effect of barbamyl on the course of diphtheria 
intoxication, these animals were killed 25-40 days after toxin administration. 


Autopsy of the animals in the first control group with diphtheria intoxication without barbamyl administration, 
revealed hyperemia of the brain and internal organs, especially of the adrenals, Areas of emphysema and 
hemorrhages were found in the lungs. The skin at the place the toxin was injected was hyperemic, with areas of 
necrosis. On microscopic investigation of the brain, hyperemia, statis, hemorrhages into the white matter of the 
hemispheres, the subcortical area, stem and cervical segments of the spinal column were noted, In the nerve 
cells were observed paling of the cellular bodies, sometimes vacuolization, In the liver were hyperemia of the 
central veins and hepatic sinusoids, edema of the stroma, disintegration of the liver cells (Fig. 1) with small 
fatty drops and necrosis in them. In the kidneys were marked hyperemia of the cortical and medullary substance, 
stasis, thrombosis of the glomerular capillaries Fig. 2), fibroid necrosis of the walls of individual loops and 
glomeruli. The endothelium of the capillaries was swollen, sometimes in a state of fatty degeneration. Morc 
or less distinct fatty dystrophy in the epithelium of the convoluted tubules. Hyperemia, as a rule, combined 
with fatty dystrophy in the myocardium. In the adrenals were hyperemia of both layers, edema and hemorrhage 
into the medullary substance and decreased secretory granulation in the cells were in the adrenals. In the cells 
of the cortical layer was a considerable decrease of lipoids, scmetimes necrosis. In the lungs were areas of 
interstitial pneumonia, emphysema, atelectasis, hyperemia, hemorrhages. The follicles of the lumph nodes, 
spleen, tonsils and appendix - karyorrhexis. At the place of toxin injection - edema, hemorrhages, inflammatory 
infiltrations, necrosis of the skin and muscles. 


Animals in the second control group, which received barbamyl without toxin administration, were killed at 
the time the experimental rabbits and guinea pigs died or were killed; after 3-8, 12-15 and 25-40 days. Histological 
examination of brain preparations of the animals revealed a loss of blood in the veins and capillaries. At the same 
time, the number of homogeneous cells in the cerebral cortex, stem, medulla oblongata and upper portions of the 
spinal column somewhat exceeded their usual number. In the weakly stained cells, dispersion of the tigroid was 
sometimes combined with vacuolization of the protoplasm. In the liver, kidneys, adrenals and myocardium empty- 
ing of the blood vessels was also observed, as a consequence of which the renal giomeruli sometimes were in ap 
ischemic condition. Changes in the internal organs were combined with phenomena of protein dystrophy. However, 
it should be observed that the changes described in the brain and internal organs were chiefly observed in those 
animals which received barbamyl for 5-6 days, and the most evident changes were found in animals killed when 
the experimental animals died, in 12-15 days. Changes in the organs of rabbits and guinea pigs which were killed 
at the time of the early death of the experimental animals (from 3-5 days) were insigificant. Changes were not 
found in the organs of animals which received barbamyl for 5-6 days but were killed in 25-40 days. The investi - 
gations indicate that the changes which appear in the organs of animals (in this experiment of the second control 
group) with the short-term administration of barbamyl have a reversible nature, These observations are confirmed 
by the data of previous investigations of the effect of barbamy]l on the central nervous system and internal organs 
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Fig. 1. Changes in the liver of a guinea pig which died on the 3rd day 
after diphtheria toxin administration. Hyperemia of the cem.al veins 
and hepatic sinusoids. Edema of the stroma. Disintegration of the hepatic 


Fig. 2. Changes in the kidney of a rabbit which died on the 5th day 
after diphtheria toxin administration. Stasis and thrombosis of the 
glomerular capillaries. 


of healthy animals: the length of time free of barbamyl administration (25-30 days) after its short-term admin- 
istration (5-6 days) is sufficient to normalize the described changes [7]. 


At autopsy of the experimental animals in subgroup A (death on the 3-8th day), the changes in the organs 
were completely analagous to the changes which were found in the animals of the first control group (with 
diphtheria intoxication without the administration of barbamyl). However, on histological investigation it was 
noted that the disturbance of the blood circulation in the brain and internal organs of these animals had an acute 
nature (hyperemia, hemorrhages), while the phenomena in the animals of the first control group were prodominately 
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those of a slowed movement of the blood (stasis, thrombosis, plasmorrhagy). In the cortical cells of the hemi- 
spheres, in the stem of the medulla oblongata and in the spinal column of the animals in subgroup A there was. 
a noticeable increase in the number of homogeneous cells, together with the changes typical of intoxication 
(pallor, tigrolysis). 

Study of preparations from the parenchymatous organs of experimental and control animals also established 
a difference in their morphological manifestitations. 

While circulatory disturbances combined with phenomena of fatty dystrophy in animals with diphtheria 


intoxication without barbamyl administration, in the experimental] animals protein dystrophy in the liver, kdineys 
and myocardium predominated over the fatty, so characteristic of diphtheria in man and animals. 


On autopsy of rabbits and guinea pigs of subgroup B (which died in 12-15 days) signs of cardiac decompensation 
were grossly evident: an increase in the heart volume, edema of the serosas. On microscopic examination, 
the usual hyperemia of the blood vessels of the brain and internal organs was found. The changes in the nerve cells 
of the brain were the same as those in the animals of subgroup A. In preparations stained by Marchi's and Spiel- 
meyer’s methods, swelling of the myelin fibers, their fragmentation, and sometimes areas of demyelination in the 
myeloid layer of the cortex of the hemispheres, in the hippocampus, pons and medulla oblongata could be seen. 


In the parenchymatous organs the changes were of one type and were in essence phenomena of protein 
dystrophy. The heart deserved the greatest attention during this period of death of the experimental animals. 
In it, in addition to dystrophic changes, was found a picture of evident productive myocarditis with necrosis 
and muscular breakdown, but without a vascular reaction (Fig. 3). 


Fig. 3. Changes in the myocardium of a rabbit which died on the 15th 
day after diphtheria toxin administration, Productive myocarditis, 
necrosis of the muscles and their disintegration (experiment with admin- 
istration of barbamyl). 


Such a form of myocarditis is unusual in diphtheria, since the interstitial-parenchymatous form of myo- 
carditis with clear manifestations of vascular reaction is typical of diphtheria in man{1, 3, 8, etc.] and animals 
[2, 4, etc.]. The absence of exudative inflammation from the picture of myocarditis in the experiment should, 
apparently, be connected with the application of barbamyl sleep. In the lungs, the picture of areas of interstitial 
pneumonia was observed; in the follicles of the lymph nodes, spleen, tonsils — hyperplasia of the reticular cells; 
in the skin, subcutaneous tissue, and muscles ~ leucocytic infiltration with widespread necrosis, often occupying a 
considerable portion of the body and abdomen. 
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Among animals in subgroup C, killed 25-40 days after the administration of toxin, on autopsy were found 
scars only at the place the toxin was administered and necrosis of the underlying tissues. On histological 
investigation of preparations of the brain and internal organs, a noticeable lessening of the above-described 
changes or their complete absence, was observed and only in the myocardium could residual signs of productive 
inflammation be seen after 40 days. Basically, proliferation of the cells of the parenchymatous organs was noted 
during the period. 


Thus, observations showed that barbamyl, administered by the method of interrupted medicated sleep 
for a comparatively short period of time (5-6 days), has a favorable effect on the course of diphtheria intoxication 
in animals, since circulatory disturbances, typical of collapse, play a large role in the pathogenesis of this 
disease. Barbamyl is like an antagonist in this experiment since, as the present and preceding works [7] showed, 
the decrease of blood in the organs is typical of it; a decrease which occurs, apparently, either as a consequence 
of redistribution of the blood in the system or of its thickening because of dehydration; it is known that the water 
metabolism is sharply disturbed during medicated sleep. However, this view remains hypothetical as yet. 


Further special study is required for the solution of this question. 


SUMMARY 


The beneficial effect of Barbamyl induced sleep on the development of diphtheria intoxication was 
shown in rabbits and guinea-pigs, Applying interrupted medicated sleep during 5-6 davs we succeeded in an 
experiment to double the longevity of animals; in a number of cases a complete recovery of the animals was 
observed, 


Microscopic analysis of the organs of the experimental animals showed that Barbamy] protects against 
drastic circulatory disturbances characteristic of diphtheria intoxication and decreases fatty degeneration in the 
parenchymatous organs. 


Barbamy] induced sleep does not affect the development of pathological processes in the place of the 
diphtheria toxin injection, 
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At the present time there is a considerable number of quite varied methods of obtaining pathological 
conditions in animals which reproduce the various forms of epilepsy fairly exactly in their external manifestations, 
During the last years, one more model of epileptiform attacks, which arises in a certain percentage of white mice 
and rats in response to strong stimulation by sound[1, 3], has attracted the attention of investigators. The ad- 
vantage of this model is that convulsive attacks arise with only stimulation by means of sound, without preliminary 
action on the system by other epileptogenic agents, 


The problem before the present investigation was the study of the nervous mechanism of the reflex epileptiform 
attacks in white rats, in particular, it was desired to discover stimulation of what areas of the brain causes various 
stages of this pathological motor reaction. In order to solve the problems which were set up, a method of register- 
ing the bioelectric processes of the brain was used, 


Convincing information about the roles of various areas of the brain in the development of the motor reactions 
which develop in white mice and rats with strong sonic stimulation is almost absent from the literature. Two un- 
successful attempts [Lindsley, Finger and Henry [6],Griffiths [5] ] to register the electric potentials in the brain 
of rats during the attacks have been described, On the admission of the authors themselves, the analysis of the 
data obtained is hampered by the distortion of the EEG by artifacts from the vigorous movements of the animals 
during the epileptiform reaction. More successful in this respect is the work of Ya. Buresh [4], whoina critical 
experiment, led off the electrical potentials from the cortex and hypothalamus of rats during generalized motor 
excitation and convulsive attack. In his experiments, the rat was tied to a special apparatus by three limbs and 
the head. Such fixation brought about inhibition of the reaction of the experimental animals in response to sonic 
stimulus, and, in order to reproduce it, it was necessary to increase the sensitivity of the animals to the sonic 
stimulus, which was achieved by the administration of subconvulsive doses of cardiazole, However, such a 
method of sensibilization lowers the value of the investigation, since the cardiazole causes considerable EEG 
changes. In addition, cardiazole alone is a potent epileptogenic agent, so its administration can change the 
nature of the attacks themselves. 


In the present work, the following concrete problems were set up: 


1. To discover the basic conditions necessary to obtain reflex epileptiform reactions in white rats, fixed 
in the position requisite for the undistorted registration of an electroencephalogram. 


2. To trace the changes in the electrical activity of the cortical motor analyzer during the development 
of the pathological condition with the form of general motor excitation, clonic and tonic spasms, arising in rats 
on the action of a sonic stimulus. 
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3. On the basis of the changes in the electrical activity of the cortical motor analyzer to determine the 
nature of the functional changes in the activity of this area of the brain and to discover the possible role of 
the cerebral cortex in the development of various stages of the pathological motor reactions. 


EXPERIMENTAL METHODS 


In solving the first problem, we began with the data of L. V. Krushinsky, L. N. Molodkina and I. A. 
Kitsovskaya [2] that the conditions favorable for the development of reflex epileptiform reactions are an in- 
creased excitability of the nervous system and a weakening of the inhibitory process, which can be achieved by 
the removal of the parathyroid glands. Therefore, we used parathyroidectomy with the aim of increasing the 
sensitivity of the rats to sonic stimulus, Parathyroidectomy proved to be sufficient for the necessary increase 
in the nervous “epileptic readiness*® of the rat, The system of partially fastening the rat which we worked out 
consisted of fastening the head rigidly until it was almost immobilized even during quite vigorous movements 
by the animal and in tying the body lightly to the bottom of the chamber. The limbs remained completely 
free, so that it was possible to observe almost all the stages of the epileptiform reaction, These conditions 
made it possible to obtain systematically several tens of attacks on each animal in the course of 3-5 months. 


In order to study the electrical activity of the cortical motor analyzer, a method involving extradural 
leads for the electrical potentials in a continuing experiment was worked out with the help of implanted elec- 
trodes. This method represented a modification of A. B. Kogan's methods of implanting electrodes. 


For this purpose, two trepanned openings, separated from each other by 2mm, were drilled in the skull 
bone above the motor zone of the cerebral cortex under local anesthesia with the help of a dental drill. In all 
cases, the dura mater remained unharmed. The electrodes were introduced through the trepanned opening and 
were placed on the dura mater. The electrodes were silver disks, equal in diameter to the trepanned opening, and 
0,25-0,50 mm in thickness, to which the wire leads were soldered. The silver disks and wire leads were carefully 
isolated with bakelite lacquer (in order to avoid recording the muscular potentials), Before implantation, a small 
area, 1-1.5 mm’ in area, was cleaned on the lower contact surface of the disk. The fixation of the electrodes 
to the skull bones was carried out with dental phosphate cement, The junction of the electrodes with the apparatus 
were made with serfiny leads with a silver contact surface. The leading off of the electrical potentials was 
bipolar in all cases, Registration of the potentials was carried out by a 4-channel amplifier of biological currents 
with an ink recorder. During the experiment, the rat was placed in a shielded chamber 20 x 25x 60 cm in size, 
in the rear of which was a source of sound in the form of a telephone bell. In order to avoid recording the elec- 
tromagnetic waves from the bell, all the wires and the bell were carefully shielded and grounded, The reported 
data were obtained in 97 experiments on 4 rats with permanently implanted electrodes, 


EXPERIMENTAL RESULTS 


In Fig. 1 are shown the most frequently observed changes in the electrical activity of the cortical motor 
analyzer during the time the sonic stimulus acted, 7.5 seconds after the bell was turned on, the motor reaction 
of the rat appeared in the form of disorganized movements of the extremities, body and tail (stage of general 
motor excitation). In this stage, some strengthening of the quick fluctuations is observed in the EEG. The stage 
of motor excitation changes almost instantaneously at the 24th second of the bell's action to general clonic 
spasms (clonic stage). At the moment the clonic spasms appear, a group of rapid fluctuations in the form of 
a “volley” of impulses with a frequency of not less than 75 per second (75 waves per second is the limit of 
the frequencies which the apparatus with ink recording can reproduce without distortion), Then the rhythmic 
electrical activity changes sharply, in spite of the fact that the clonic spasms still continue for a considerable 
time, and acquires the aspect of alpha-like waves, which in their turn, are gradually replaced by delta-rhythm. 
While delta-rhythm predominates in the motor area of the cerebral cortex, the clonic spasms are replaced by 
tonic spasms (tonic stage), followed by a slackening of all the muscles (stage of complete areflexia). The delta- 
rhythm remains approximately until the rat returns to its original condition. 


InFig. 2 there is shown another variant EEG of the cortical moter analyzer, recorded under the same 
conditions, but it is encountered considerably less frequently. In this case the epileptiform reaction occurs 
somewhat faster, and there are some differences in the nature of the changes in electrical activity as compared 
with the first case. The motor excitation which arises at the 5th second of the bell's action, less than two 
seconds later changes into clonic spasms, very quickly replaced by a prolonged (about 19 seconds) tonic 
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spasin, after which the rat falls into a nearly comatose state, During the motor excitation in this case, a noticeable 
increase in the rapid waves is not observed, while the slow waves, 3-4 per second, reach 7-8 per second and acquire 


a more regular outline, The rapid waves at the beginning ofthe clonic spasms are considerably smaller in ampl- 
itude and do not change to alpha-like waws at once, The alpha-like waves appear only 5,7 seconds after the 


clonic spasms changed into tonic spasms and change into delta-activity, as in the first case, when the tonic spasm eS 
ends, and the rat falls into a comatose state, 


Beginr 


Fig. 1 Electrical activity of the cortical motor analyzer of a white rat during a reflex epilep- 
tiform attack, caused by strong sonic stimulus (Experiment on Jan, 9, 1954), 
S3eginning of motor excitation 
Fig. 2, Electrical activity of the cortical motor analyzer of a white rat during a reflex epil- 
eptiform attack, caused by a strong sonic stimulus (Experiment on April 4, 1954), 
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Thus, the above data regarding the changes in the electrical activity of the cortical motor analyzer in white 
rats during sonic stimulation causing an epileptiform reaction, show that distinct, regularly occurring changes in 
electrical activity corresponding to the various stages in the development of the pathological motor reaction, 
were observed in the cerebral cortex. 


During the stage of motor excitation, in comparison with the original background, some generalized in- 
crease in the frequency of the rhythms was observed (in the first case, it was in the form of reinforcement of the 
rapid fluctuations; in the second, in the form of increasing the frequency of the slow waves from 3-4 per second 
to 7-8 per second), indicating that the excitation process in the cortex was strengthened, The group of rapid 
fluctuations (about 75 per second), which appeared at the beginning of the clonic spasms, indicated a sharp 
excitation of the cortex which occurred at this moment, This state of excitation is replaced in some cases after 
only 1-2 seconds, in other cases somewhat later, by a depression of the functional state, represented electrograph - 
ically in the form of a sharp slowing of the rhythms (appearance of alpha-like and delta-like waves). The de- 
pressed functional state of the cortex remains throughout the entire remaining period of clonic spasms, and also 
throughout the entire stage of tonic spasms and in the post-attack period, which is typified by signs of areflexia 
and catelepsy, 


The data which were obtained indicate that the cortical motor analyzer can hardly be considered responsible 
for all the stages of development of a given spasm attack, It can be supposed that the excitation of other areas 
of the brain, namely the subcortical motor areas, is responsible for the clonic and tonic stages of the attack. 


SUMMARY 


Elaboration of a special system of partial fixation in rats and their sensibilization to an acoustic epilepto- 
genic stimulation after parathyroidectomy have enabled us to register bioelectrical processes of the brain in 


chronic conditions during all stages of audiogenic seizures, 


On the basis of the data obtained we are enabled to hypothesize concerning the role of cerebral cortex 


in preconvulsive and convulsive stages of attack, i 
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In studying the effect of loading with nicotinic acid on the coedehydrase content of the blood of healthy 
people and of those suffering from neuroses and psychoses, we turned our attention to one consistent phenomenon, 

A gradual decrease in the codehydrase content of the blood was observed in the control group of patients, who did 

not receive nicotinic acid during their stay in the hospital, However, this decrease of the codehydrase content was 
more evident in those cases in which the patients, while receiving the same rations, received polyvitamins(1 tablet 
3 times a day (Fig, 1). Although the nicotinic acid content of the polyvitamin tablets is not large - 3 mg per 

tablet in all, still, the total amount of it received during a day by these patients was higher than that received by 
patients who did not receive polyvitamins, It was desirable to learn the reasons for the great decrease in codehydrase 
in the indicated cases, 


There are many indications in the literature that the excessive consumption of one of the B group of vitamins 
impairs the balances of the other vitamins of the same group, probably by increasing the system's requirements 

of them, It may be, in addition, that an excess of one of the vitamins causes the trapping and expenditure of 
substances needed for the transformation of the coferments of other, as well as of this, members of this group [2]. 
Thus, it is pointed out, by using of large doses of Vitamin B, in berberi,symptoms of pellagra can be produced in 
the patient and, on the contrary, symptons of Vitamin B, deficiency can be produced by large doses of nicotinic 
acid in the treatment of pellagra [3], Allthis caused us to begin study of the effect of loading with the usual 
therapeutic doses of individual vitamins of the B group on the codehydrase content of the blood, 


The following circumstance also attracted our attention, Determination of the Vitamin B, content of the 
blood showed that among a certain (small) number of patients with an adequate total content, it was entirely, or 
for the most part found in a free form, Usually these patients complained of insomnia, poor appetite, extreme 
irritability and complete loss of efficiency in their work—signs, resembling the complaints of patients with 
Vitamin B, deficiency, The attempt to improve the condition of such patients by loading with Vitamin B, usually 
had no effect. There are indications in the literature that this disturbance of the phosphorylation of Vitamin By 
can be corrected by the action of several remedies. The application of Vitamin D [4], as well as insulin [5], 
Vitamin B, and adrenocortical hormones [6] has been pointed out. 


In the present communication the results of an investigation of the content of codehydrase and Vitamin B, 
under the influence of prolonged loading with vitamins B,, B, and D are presented briefly. 


The determination of the codehydrase content was carried out by a modification of the method of Levitas, 
Robinson, Rosen, Huff and Perlzweig [1]. The determination of the free and combined forms of Vitamin B, was 
by a modification of Ritzert’s method [1]. 


* Polyvitamin content: Vitamin A—1250 intemational units, Vitamin B;—0,5 mg, Vitamin B,—0,5 mg, Vitamin 
C~10 mg, Vitamin D—250 international units, Vitamin PP~3 mg. 
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Fig. 1. Changes in the codehydrase content (in mg %) of the blood under the influence of 
repeated loading with Vitamins B, and B, or nicotinic acid, 


a) patient K., b) patient B, c) patient B-va, d) patient L., e) patient Sh., f) patient 
R., g) patient D., h) patient Shv. 


Repeated loading with small doses of Vitamin B, (4-6 mg per day) in the majority of cases led to a decrease 
in the codehydrase content of the blood, Statistically treated data are presented in Table 1, 
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TABLE 1 
Codehydrase Contentof Blood with Repeated Loading with Vitamin B, 


Time of investiga 


2.8791 
2.3872 


0.4835 
0.3503 


0.0737 
0.0534 


0.0054 
0.0029 


Before loading 
After loading (all cases) 


Content of the preparation in % 


Fig. 2. Changes in the content and form of Vitamin B, in the blood of 5 patients 
suffering from neuroses, 

Lined column — free Vitamin B,, cross-hatched — cocarboxylase. Amounts smaller 
than 0.5y%indicated by O, a) patient T., b) patient Ya., c) patient M., d) 

patient S., e) patient K 


The data in Table 1 show that the decrease in codehydrase after loading with Vitamin B, is significant. 
On dividing the data into groups according to the various durations of Vitamin B, administration, the significance 
of the groups with small numbers of cases is less, (Table 2). 


TABLE 2 


Codehydrase Content of the Blood at Various Durations of Vitamin B, Administration 


Before loading 5 | 2.7800 | 0.5299 | 0.2370 | 0.0562; | | 65 83% 
2 days later 5 2.3000 | 0.3888 | 0.1739 0.0302} : od 
Before loading 23 | 3.0304 | 0.5030 | 0.1047 | 0.0110) | 4 47 100% 
70 
8-14 days later 23 | 2.4978 | 0.3476 | 0.0725 00053} 
Before loading 15 | 2.6800 | 0.5398 | 0.1394 | 0 0194 
2.77 98% 
15 | 2.2467 | 0.2735 | 0.0706 | 0.0050 
loading 
63 


N | M | | | mt | t | P 
5 
43 
5.40 | 100% 
60 a 
° 
Days 
a. Time of investigation | N | M | o | m | m? | t | P 
| | 


Repeated loading with small doses of Vitamin B, (7.5 mg per day) led in the maiority of cases, to a sig- 
nificant increase in the codehydrase content of the blood (Table 3), 


TABLE 3% 


Codehydrase Content of the Blood after Loading with Vitamin B, 


Time of investigation 


Before loading 2.3745 | 0.3428 | 0.0480 0.0023 
After loading 2.7755 0.4982 0.0698 | 0.0049 


4.73 | 100% 


The significance decreased somewhat due to the decrease in the number of cases in each group when the 
data were divided into groups with various durations of Vitamin Bz administration (Table 4). 


TABLE 4 


Codehydrase Content of the Blood at Various Durations of Vitamin B, Administration 


Time of investigation 


Before loading ‘ 0.1238 | 0.0153 
2 days later 0.0981 | 0.0096 


Before loading 0.0606 
&-14 days later . 0.1001 
Before loading J 0.0926 


15 or more days after : 0.1052 | 0.0111 
loading 


Thus, Vitamin B, facilitates the decrease of codehydrases in the blood, while Vitamin B, on the contrary 
facilitates their increase. 


Repeated ioading with Vitamin D (500 international units per day) simultaneously with B, caused an increase 
cocarboxylase content in the blood in eight cases, usually with a decrease in free Vitamin By. But in one case 
loading with Vitamin D had no effect on a patient who was known to have been well fed, repeated analysis of 
whose blood showed that the major portion of Vitamin B, in her blood was free, Loading with Vitamin D also 
effected the cocarboxylase content of the blood of two healthy persons with normal cocarboxylase content, 
probably in connection with their lack of a deficiency of this vitamin. 


To illustrate, we present graphs in which is seen the effect of Vitamins B, and B, on the codehydrase content 
of various persons, the effect of loading with Vitamin D on the phosphorylation of Vitamin B, in patients with a 
disturbance of this process, 


The data obtained by us show unequivocally that even small doses of one of the vitamins repeatedly ad- 
ministered can effect the balance of the other vitamins greatly and sometimes undesirably, Doses of them which 
are at all significant should not be administered without repeated blood analyses, 
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The above data present the question of the expediency of changing the composition of polyvitamin tablets. 


Thus, in order that their vitamin content correspond better with the relationships of the vitamin contents in a 
normal well-balanced diet, the amount of nicotinic acid should first of all be increased. 


SUMMARY 


The authors studied the influence of vitamins B, and B, upon the content of codehydrogenases in the blood 
and the influence of vitamin D upon the content and form of vitamin B, in the blood of healthy persons and 
patients with neuroses and psychoses, The following conclusions have been drawn: 


1) A prolonged administration of the small doses of vitamin B, (4-6 mg a day) causes a statistically 
significant decrease in the content of codehydrogenases in the blood; 


2) A prolonged administration of the small doses of vitamin B, (7,5 mg a day) causes a statistically 
significant increase in the content of codehydrogenases in the blood; 


3) An administration of vitamin D facilitates the assimilation and phosphorylation of vitamin B,. 
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PHARMACOLOGY 


SARCOLYSIN ON 


DECREASE OF THE ACTION OF THE HEMATOPOIESIS OF 


RABBITS BY PRELIMINARY COLCHICINE ADMINISTRATION 


I. B. Sorokina 


From the Laboratory of Experimental Chemotherapy (Head Corresponding Member of the Academy of 
Medical Sciences of the USSR,Prof. L. F. Larionov, Director of the Work—Candidate in Medical Sciences, 
G. L, Zhdanov) of the Institute of Experimental Cancer Pathology and Therapv (Director —Corresponding 
Member of the Academy of Medical Sciences of the USSR,Prof. N. N, Blokhin) of the Academy of Med- 
ical Sciences of the USSR, Moscow 


(Received April 21, 1956, Submitted by Active Member of the Academy of Medical Scieces of the 
USSR,Prof. A. D. Timofeevsky) 


We discovered the phenomenon of interference between colchicine and some chlorethylamines in experi- 
ments which were directed at another goal. Engaged for several years in the combined chemotherapy of tumors, 
we attempted to increase the effectiveness of chlorethylamines with colchicine, As is known, colchicine is related 
to the group of mitotic poisons and, apparently, it is capable of slowing the growth of some malignant tumors by 
virtue of its property of blocking mitosis. The positive action of this alkaloid in the experimental chemotherapy 
of tumors was noted by a number of authors [1, 2,5, 6, 12, 13]. However, even from the papers mentioned, it is 
possible to observe that colchicine's inhibitory effect on tumor growth occurs only at toxic doses, which are con- 
siderably greater than the doses sufficient for blocking mitosis. Therefore, the application of colchicine as an 
anti-tumor remedy is severely limited. 


Un the other hand, indications exist [7, 9] that in a nurnber of cases colchicine in comparatively small 
doses, apparently, has the property of increasing the sensitvity of tumor tissue to the subsequent action of x-ray 
therapy. In connection with the fact that colchicine, when administered in doses causing depression of tumor 
growth, has a considerable toxic effect, while in small doses it is capable of increasing the effectiveness of x-rays, 
and in connection with a certain similarity in the biological action of x-rays and chlorethylamines, we used smal 
doses of colchicine in our experiments on combined chemotherapy, administering them before the administration 


of preparations of the chlorethylamine group. 


One of the first preparations in this group which was tested in combination with colchicine was lympho- 
quine [phenyl-di-(2-chlorethyl)amine], which was investigated in detail in our laboratory by V. P. Konoplev 
and A, Ya, Krashilina, 


However, even in the first experiments on sarcoma 45, it was found that colchicine, administered in 


dosages of 0.6-0.06 mg/kg 24hours prior to the administration lymphoquinc, did not increase but, on the contary, 
decreased the anti-timor effect of the latter. Thus, the lymphoquine preparation inhibited the growth of this 
tumor by 71%, while the inhibitory effect of the combination of the same dose of it with colchicine, with the 
same intervals between injections, was only 49-51%. 


In this connection, it can be suggested that colchicine makes tumor tissue, or possibly all the proliferat- 
ing tissues of the organism, less sensitive to chlorethylamines by some means, From this point of view, we 
thought it interesting to discover whether colchicine lowers the depressant action of chlorethylamines on hcma- 
topoiesis also. 
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Special experiments were set up with rabbits in order to clarify this problem, 


The most active anti-tumor agent among the chlorethylamine group of preparations is a chlorethylamine 
derivative of the irreplaceable amino acid phenylalanine [¢1-p-di (2-chlorethyl)aminophenylalanine] or sarco- 
lysin, This preparation, according to the data of V, I. Trusheikina [4], causes the complete resorption of some 
strains of experimental neoplasms, At the same time, as the investigations of G. L, Zhdanov [3] showed, sarco- 
lysin has a depressant action, as do all the chlorethylamines, on the normal proliferating tissues also, such as 
the lymphoid organs, bone marrow and the mucosa of the small intestine, 


Naturally, we attempted to discover the possibility of removing the depressant effect of chlorethylamines 
on hematopoiesis by means of colchicine, using this most active preparation, especially since no decrease in 
the effectiveness of sarcolysin was found in experiments on the anti-tumor activity of the combination of 
cholchicine and sarcolysin, set up analogously with experiments with limphoquine on sarcoma 45, For this pur- 
pose, the effect of preliminary administration of colchicine on the leucopenic effect caused by a single admini- 
stration of a toxid dose of sarcolysin was studied, 


EXPERIMENTAL METHODS 


The experiments were carried out on 20 rabbits. To one group of rabbits, 2.5-3 kg in weight, sarcolysin 
was administered intravenously in a dosage of 10 ml/kg (which killed the majority of the animals and caused 
prolon,sed depression of hematopoiesis among all the survivors), To the other group, colchicine in a dosage of 
0.6 my/kg was administered 24 hours prior to the injection of the same dose of sarcolysin, also intravenously, 

Before the administration of the preparations and then every 24 hours,after, the total number of leucocytes in 

the peripheral blood was investigated. In addition, the number of cells in 1 mm? of bone marrow puncture was 
determined before the administration and then on the 3rd, 6th, 9th and 16th day after its administration. 


EXPERIMENTAL RESULTS 


Out of 9 rabbits receiving only sarcolysin, 7 animals with symptoms of severe leucopenia died on the 
4th-9th day after the administration of the preparation, while only 4 rabbits died out of 9 to which colchicine 
had been administered first. Thus, colchicine somewhat decreased the total toxic effect of sarcolysin. 


As is evident from the graph which is presented, severe leucopenia developed in rabbits of both groups, 
i.e., both among those receiving sarcolysin only and among those receiving sarcolysin and colchicine, on the 
3-4th day — the total number of leucocytes fell to 1 ,500-2,000o0n the average. But as soon as on the 5th day, dif- 
ferences are observed in the reaction of the hematopioetic system of rabbits the two groups: in rabbits which had 
been administered sarcolysin alone the number of leucocytes fell for two more days, then after increasing to 
2,500-3,500,itremained at this level until the 13th day; the number of leucocytes among rabbits which were 
subjected to the preliminary injection of colchicine had begun to increase on the 5th day, Five days after the 
administration of sarcolysin the leucocytes number of all five surviving rabbits in the second group reached 
normal values. Examination of the bone marrow also indicated more rapid blood regeneration among the rab- 
bits of this group, As is evident from the figure (the columnsat the bottom), the number of cells in a 1 mm* 
puncture of the bone marrow on the 3rd day was almost equally low among both groups of animals. However, 
while aplasia of the bone marrow remained steady 8 days later among rabbits of the first group (the number of 
cells in a puncture was equal to 8,000on the average), the bone marrow of the rabbits in the second group (col- 
chicine plus sarcolysin) was almost completely regenerated by this time — the number of cells in a puncture 
reached 57,000. Only on the 16th day did the number of cells in a bone marrow puncture of rabbits receiving 
only sarcolysin increase to 46,500, but it was still less than that of the rabbits which had received colchicine 
first, It should be pointed out that an experiment, which we set up especially, with the injection of colchicine 
alone in a dosage of 0.6 mg/kg showed that this dosage of colchicine has no noticeable effect on the rabbits" 
blood. 


Thus, the intereference between colchicine and sarcolysin was evident under the described experimental 
conditions as a decrease in the genera! toxic effect of sarcolysin and, even more obviously, as a weakening of 
the depressant effect of sarcolysin on hematopoiesis. It is typical that the protective action of colchicine con- 
sisted, not of a decrease in leucopenia during the first four days after the administration of sarcolysin, but of 

speeding the regeneration of the hematic system. 
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Changes in the total number of leucocytes in the peripheral blood of rabbits which 
received only sarcolysin (1) and of rabbits which received colchicine first (2). 


Columns represent the number of cells in a puncture of the rabbits (cross-hatched— 
with administration of sarcolysin only, white — with preliminary administration of 
colchicine). Arrows indicate | — administration of sarcolysin, — administration 


of colchicine. 


It is possible that the reason for such interference can be explained by a difference in the action of these 
two agents on the cell. Colchicine acts in such a way that it blocks part of the bone marrow cells during meta- 
phase and in this way, hinders or, at least, slows their transition into the last phase of cell division and into the 
postmitotic stage, while the chlorethylamines, as many authors have proved [8,10,11,14], harm the cells which 


are in the postmitotic phase the most, i.e., in the initial stage of interkinesis, when the synthesis of nucleopzo~- 
teins is going on intensively. 

On the basis of the above, it can be hypothesized that colchicine, by keeping part of the young bone mar 
row cells in the metaphase stage which is insensitive to chlorethylamines, decreases the number of cells which 
are most susceptible to sarcolysin. The young bone marrow cells which are saved in this way ensure the more 
rapid regeneration of hematopoiesis. 

Further investigations are necessary in order to confirm this hypothesis, as well as to clarify the questions 
which have arisen, for example, regarding the practical possibility of using colchicine to decrease the depres- 


sant effect of sarcolysin on the hematic system. 


SUMMARY 


Prior injection of colchicine (24 \hours before) reduces the action of phenyl-di-(2 chlorethyl)amine upon 
sarcoma in rats (45 animals) and the action of dl-p-di (2 chlorethy]) aminophenylalanine upon hematopoiesis 
in rabbits, Preventive action of colchicine consisted not in decrease of leucopenia within the first four days but 
in a faster regeneration of blood system, A possible mechanism of this action is discussed. 
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ON THE CHARACTERISTICS OF THE CENTRAL ACTION OF GANGLIONIC 


BLOCKING AGENTS 
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Institute (Virector-Docent M, Kovalev) 


(Received December 4, 1955, Submitted by Active Member of the Academy 
of Medical Sciences of the USSR,Professor S. V. Anichkov) 


The biochemically-reactive structures of the central nervous system have the property of reacting to sub- 
stances with both nicotinic and muscarinic action [2, 3, 5, 6, 8]. Thus, the presence of the corresponding n- 
and m- cholinergic structures can be considered in the central nervous system (according to the classification 
proposed by S. V, Anichkov [1}). Valuable materials for the study of this problem can be obtained by investigat- 
in;, the action of pharmacological agents from the group of parasympatholytics, which block the specific 
reactions that arise when the two above types of biochemically active structures participate. 


In studying the group of parasympatholytic substances ~derivatives of quarternary ammonia compounds, we 
obtained data which indicated the presence of n-choliner:ic structures in the central nervous system [12]. It was 
shown that tetraetiiylammonia (TEA), the derivatives pentamethylene -bis-and hexamethylene -bis (trimethyl - 
ammonia) have the property of blocking the typical reaction of frogs to nicotine, the central nature of which was 
proved by a number of works [ 4, 9, 11, et al.,}. 


In the present communication,data are presented which touch on the further study of the central parasympath - 
olytic action of a number of ganglionic blocking agents ~ quarternary ammonia derivatives, 


EXPERIMENTAL METHODS 


The experiments were carried out on white mice weighing from 15 to 23 g. Nicotinic (0,6-0,8 mg nicotine 
base intraperitoneally) and arecoline (0,4-0.6 mg of arecoline liydrobromide subcutaneously) spasms were caused 
in mice and the effect of the following ganglionic blocking agents were tested on them: 1) the iodine salt of hex- 
amethylene-bis(trimethylammonium) (synonym: hexamethonium), 2) the iodine salt of hexamethylene-bis (tri- 
ethylammonium), 3) the dipyridine-§ -carboxylic salt of hexamethylene-bis (trimethylammonium), 4) the 
iodine salt of tetraethylammonium (synonym: tetamon-I), 5) the pyridine-f -carboxylic salt of tetraethylammenium 
6) the bromide salt of pentamethylene-bis (quinolinedimethylammonium),.* Endurable dosages were prepared of 
cach of these preparations corresponding to their biological activity, determined by establishing the minimum 
lethal dose (DLgp). 


EXPERIMENTAL RESULTS 


Hexamethylene -bis( trimethylammonium) in doses of 0.5 - 1 mg andhexamethylene-bis (triethylammonium) in 
doses of 0,4-0,7 mg proved to be ineffective: they did not block spasms and did not inhibit mortality after 
administration of an absolute lethal dose of nicotine (0,8 mg). Out of 16 mice which had been administered this 


The tetamon-I and pentamethylene -bis (quinolinedimethylammonium)-dibromide were synthesized by IL. B. 


* 


Simon at the Ukrainian Institute of Experimental Endocrinology, the rest of the preparations by A. I, Lopushansky 
at the Chernovitsy Medical Institute. 
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dose of nicotine, 14 died after the injection of hexamethonium ; preliminary administration of hexamethonium 
caused the death of 13 mice out of 14, In the same way, 12 mice which received hexamethylene -bis (tricthyl- 
ammonium) died of spasms either before or after injection of a lethal dose of nicotine, The salt of hexamethyl- 
ene - bis trimethylammonium) and nicotinic acid, named hexonat by us, proved considerably more effective. 


The preliminary administration of hexonat (0,4-3 mg intraperitoneally) to 24 mice ensured “protection” 
against a lethal dose of nicotine and eliminated nicotinic spasms completely or partially in the majority of cases, 
Of 14 mice which received 1 mg of hexonat , 4 animals died following the subsequent administration of an ab- 
solute lethal dose of nicotine ; consequently, the percentage of mortality decreased 3 times in comparison with 
control experiments, Similar data were obtained with the subsequent administration of hexonat to 16 mice 
which had received a lethal dose of nicotine: only 4 mice died, 


The antispasmodic action of the iodine salt of TEA and its homolog, the salt of tetraethylammonium and 
nicotinic acid and named tetronat by us, was studied on 30 animals, The iodine salt of TEA did not affect the 
nature or outcome of the nicotine reaction substantially, In contrast, to this, tetronat proved to be sufficiently 
effective, especially when administered subsequently (at the height of the spasms), Out of 18 mice which re- 
ceived an absolute lethal dose of nicotine and tetronat, 12 survived, and spasms were almost completely absent 
among them; only a slight tremor of the body and tail, greater mobility were noted. For control, experiments 
were set up to study the nicotinolytic effect of nicotinic acid and its sodium salt. All 12 mice which received 
a lethal dose of nicotine died, in spite of the administration of nicotinic acid (in a dose of 1-5 mg) or of its 
sodium salt (in a dose of 0,8-5 mg). 


Nicotinolytic Action of Ganglionic Blocking Agents on White Mice 
Administered a Lethal Dose of Nicotine 


Dose |Experimental 


Ganglionic blocking agent (in mg)| results 


4/4 

5/6 

8/10 
10/10 


4/4 
4/4 
4/4 


2/5 
1/6 
1/5 
0/4 
4/14 
1/3 
1/3 


4/4 
4/4 
4/4 


2/2 
1/4 
1/4 
1/3 
0/2 
1/3 


2/2 
2/2 
3/3 


Hexamethylene-bis ¢cimethylammonium) 


Hexamethylene -bis( triethylammonium) 


Hexonat 


Tetraethylammonium 


Tetronat 


ou 


. 


Pentamethylene -bis( quinolinedimethyl- 


a 


ammonium) 


Note. In the column "Experimental results" the numerator is the 
number of dead mice, the denominator is the total number of mice 
tested for the given dose of the substance, 
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The quinoline derivative of pentamethonium did not affect the nature and outcome of nicotinic poisoning 
substantially ; all the mice died which received the preparation both before and after the administration of a 
lethal dose of nicotine. The action of the most effective of the substances investigated —hexonat~ was studied on 
arecoline spasms in 11 mice. The administration of hexonat against a background of arecoline in quantities 
which block the nicotine reaction, was not accompanied by changes in the tremor typical of arecoline; pre- 
liminary administration of hexonat was equally ineffective. 


The study of the antispasmodic action of atropine on nicotinic and arecoline spasms of mice was under- 
taken as a control, Atropine in a wide range of doses (0,4-1 mg) did not eliminate the spasms and did not de- 
crease the percentage of mortality of administration of a lethal dose of nicotine. Arecoline spasms were easily 
blocked by atropine, which corresponded to data in the literature [3, 10]. The data regarding the nicotinolytic 


action of the studied substances are summarized in the table, 


The investigations which were carried out allowed the establishment of the fact that, of the studied group 
of quarternary ammonium compounds, two substances, derivatives of hexamethylene -bis (trimethylammonium) 
and tetraethylammonium, with nicotinic acid have a pronounced nicotinolytic effect. 


The nicotinolytic action of these two compounds can be explained from the point of view of competition 
with acetylcholine, which is evident for parasympatholytic substances in the central nervous system as well 
[7], as a result of which, blocking of the n- cholinergic structures of the brain is observed, The following facts in- 
dicate that these competing reactions take place in the central nervous system, Supplementary experiments were 
set up by us to study the blocking action of the two narcotic substances~chloral hydrate and barbamyl — on the 
nicotinic spasms of mice, It was found that the narcotic with primarily cortical action chloral hydrate — had not 
substantial effect, while the narcotic with primarily brain stem action (barbamyl) weakened or eliminated the 
spasms in a number of experiments, decreasing the percentage of mortality at the same time after the administration 
of a lethal dose of nicotine, Combining the data we obtained with the similar experiments of N. V. Golyakhovskaya 
on arecoline, we reached the conclusion that the spastic action of nicotine depends primarily on stimulation of 
the subcortical areas, 

Since the m-cholinolytic ~atropine ~did not eliminate the spastic action of nicotine while blocking the 
arecoline tremor, and since, on the other hand, the n-cholinolytic ganglionic blocking agents ~hexonat and 
tetronat~ hada nicotinolytic effect, while not affecting the cortical, arecoline spasms, according to N, V. Golyakhov- 
sky, we reached the conclusion that, first, the initial pharmacological reactions to the nicotinolytic action 
of the studied substances are localized chiefly in the subcortical areas and, second, the primarily n-cholinergic 
structures of the brain are blocked, The difference we found between the action of the nicotinic acid salts of 
quarternary ammonium derivatives and their iodides indicates that the nature of the anion substantially affects 


the pharmacological properties of the salt, 


SUMMARY 


The central cholinolytic action of parasympatholytic preparations — derivates cf quaternary ammonium 
bases ~ were studied on their action on convulsions elicited in mice by nicotine or arecoline. 


It was found that derivates of hexamethylene-bis(trimethylammonium) and tetraethylammonium with 
nicotinic acid had a most pronounced nicotinolytic effect causing no arecoline convulsions. 


Our experiments confirm that n-cholinoreactive structures of the subcortical area are blocked when para- 
sympatholytics of this group are used, 
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MICROBIOLOGY AND IMMUNITY 


THE EFFECT OF CORTISONE AND DESOXYCORTICOSTERONE ON THE ACTIVITY 


OF THE ENDOTHELIAL-MACROPHAGAL SYSTEM 


Z. A. Ertuganova and L. S. Ageeva 


From the Department of Chemotherapy (Head Corresponding Member of the Academy of Medical Sciences 
of the USSR, Professor Kh, Kh. Planelyes) of the Institute of Pharmacology and Chemotherapy (Director— 
Active Member of the Academy of Medical Sciences of the USSR, Professor V. V. Zakusov) of the Academy 
of Medical Sciences of the USSR, Moscow. 


(Received February 23, 1956, Submitted by Active Member of the Academy of Medical Sciences of 
the USSR,Professor V. V. Zakusov) 


In cases of acute bacterial and viral infections, the administration of cortisone not only does not improve, 
but on the contrary aggravates and accelerates the course of the infectious process and hastens the death of ex- 
perimental animals and patients [3]; seeding of the stimulant is considerably greater from the blood of animals 
receiving cortisone and infected with fungi than among controls, The mechanism of this phenomenon has not 
been explained as yet, 


Taking into account data in the literature and the results of our previous observations and the observations 
of Z. A, Popenengova [1], when it was found that cortisone administration speeds the death of experimental animals 
with pneumococcal infection , we decided tostudy, in orderto discover the mechanism of this negative effect 
of the adrenal cortical hormones on the course of the infectious process, to what extent the indicated substance 
changes the phagocytic capacity of the endothelium blood vessels with relation to bacteria administered into the 
blood. 


In the present paper are presented the results of studying the action of cortisone and desoxycorticosterone 
on the phagocytic activity of the endothelio-macrophagal system, In our experiments the methods were used 
which, in our opinion, made it possible to determine the functional activity of the indicated system as exactly 
as possible, 


EXPERIMENTAL METHODS 


The experimental animals (rabbits) were administered cortisone and desoxycorticosterone intramuscularly 
for a week, then a suspension of bacterial culture or a solution of Congo red intravenously, At certain intervals 
after infection, venous blood samples were taken. In one case, the blood was seeded in dishes with nutritive 
medium, in the other, the amount of Congo red was determined colorimetrically. The dishes were kept in therm- 
ostat about 24 hours, after which the number of colonies which grew was counted and compared with the number 
of colonies which grewindishesseeded with the blood of control animals. The results of the colorimetry were 
compared with a standard, 


In all, about ten experiments were carried out on 31 rabbits with the culture and on 18 rabbits with Congo 
red, The rabbits weighed 2-2,5 kg, Some rabbits received cortisone intramuscularly, 5mg/kg of weight twice 
a day for 5-7 days, Others received desoxycorticosterone, also intramuscularly, 5 mg/kg twice a day for the same 
length of time, The latter group served as a control, On the day of the experiment, the same doses of the prep- 
aration were administered to the animals once more 30 minutes before infection. 
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As we already indicated, infection was carried out intravenously, by administering a suspension of a 24-hour 
culture of B, coli strain No, 613, using 10 billion microbial bodies per 1 kg of the animal's weight. One-half, 
2,4, and 6 hours after infection, 0,1 ml blood samples were taken from the peripheral vein of the ear for seed- 
ing and diluted in 1 ml of simple bouillon containing 1% sodium citrate. Using a micropipette, 0.01 ml of 
diluted blood was taken and seeded in a Pewi dish with Endo's medium. The dishes were placed in a thermo- 

stat for 20-24 hours, following which the number of colonies was counted, The growth of the colonies was 
compared with the seeded blood of the control rabbits. 


Number of colonies 


5 
Time of taking the blood samples (in hours) 


Fig. 1. Recovery of B, coli 613 from the blood of rabbits receiving 
cortisone (1) or desox ycorticosterone (2) and of control animals (3), 


EXPERIMENTAL RESULTS 


The results of the observations are shown in Fig, 1. 


In Fig. 1 it is evident that, half an hour after infection, only a few bacteria were seeded with respect to 
the total number of microbial bodies administered. Thus, for example, after the administration of 100 million 
bacteria per 1 ml of the rabbits blood, on seeding, 6,000 bacteria were found in 1 ml of blood among the controls, 
4,000 bacteria among the animals receiving cortisone, and 1,000 bacteria among the animals receiving desox ycort- - 


icosterone. 


Thus, the disappearance of the administered bacteria from the blood occurred fairly intensively in all cases 
in the experiment, but most intensively when desox ycorticosterone was used, It is difficult to explain such a rapid 
disappearance of the administered bacteria from the blood by an increase in the bactericidal activity of the blood 
under the influence of the indicated preparations, since the same rapid disappearance was observed among the 
control animals also, if the small fluctuations in the number of seeded bacteria are not taken into account, 


We observed a different picture 2 hours following infection, Now the recovery of B. coli from the blood of 
animals receiving cortisone was almost 4 times greater than from that of those receiving desoxycorticosterone, 


The increased recovery of the stimulant from the blood of the control animals, not mentioning the animals 
receiving cortisone, can be explained by the situation described by V, K. Vysokovich, He wrote bacteria ad- 
ministered into the blood die partly under the influence of the bactericidal properties of the blood, and partly 
are consumed by the ceils of the endothelio-macrophagal system, The bacteria which are consumed by the cells 
of the endothelio-macrophagal system are usually destroyed, while those which are not destroyed multiply and, 
returning to the blood, produce a wave of increased recovery from the blood, 


Thus, it can be supposed that cortisone suppresses the ability of the cells of the endothelio-macrophagal 
system to destroy the engulfed bacteria, while desoxycorticosterone, on the contrary, stimulates this activity. In 
this connection, Mene [2] indicates that cortisone does not change the normal phagocytic functions of the reticulo- 
endothelial cells of the systems already existing in the organism of the principle organs (liver, spleen, bone marrow, 
lymph nodes) and inhibits the replacement of the reticuloendothelial cells of the system, which are loaded with 
colloid, by new cells, thus, interfering with the reestablishment of the suspended phagocytic functions [3]. 
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The inerease in the munber of live bacteria circulating. in the blood 2 hours after infection can be explained 


by a fall in the ability of the phagocytes under the influence of cortisone to suppress the vitality of the bacteria 


engulfed by them or by the phenomenon of inhibition of the replacement of the phagocytic cells loaded with 


bacteria by new ones which assure the engulfment of bacteria which reenter the blood from the cells in which 


they could multiply, Gell and Hail indicate that cortisone has no direct effect on macrophagy. 


t(iny /ml 


red conte: 


go 


Cor 


Time of taking the blood samples (in hours) 


Fig. 2. Congo red content of the blood of rabbits which received 


cortisone (1) or desox ycorticosterone (2) and of control animals (3). 


It should be noted that in our experiments almost all the experimental rabbits died by the end of the first 
24 hour period, and some died during the experiment. Al! the dead animals were autopsied and the liver, spleen, 


lungs and urine were seeded, It was observed that the stimulant was recovered from all the organs and under all 


‘the conditions of the experiment in a fairly large number of cases. 


As we indicated earlier, along with the experiments with live bacteria we carried out experiments with 


Congo red, 


Congo red, 83 mg/kg each, was administered intravenously to rabbits which had been injected intramuscularly 
for 5 days with using cortisone or desox ycorticosterone 5 mg/kg of the animal's weight twice a day, Blood samples for 
photocolorimetric analysis were taken 30 minutes, 1, 2, 3, 4, 5 and 6 hours after the administration of the dye. 


In order to avoid its coagulation in the blood sodium oxalate was added, it was centrifuged, the top, transparent 


layer was decanted and analyzed photocolorimetrically. The figures from the apparatus were compared with the 


figures on a standard curve. 


The results of these observations are shown in the form of curves in Fig, 2, As is evident from Fig. 2 when 
cortisone was administered, the Congo red content of the blood 30 minutes after the administration of the dye was 
two times less than that of the control and 1.4 times less than when desoxycorticosterone was used, Two hours 
after the administration of the dye, we observed an increase in concentration of Congo red in the blood of animals 


receiving cortisone, as occurred when live culture was used instead of dye, It is understood that in this case we 


should not expect a secondary wave of increased dye concentration, since cortisone does not decrease the en- 


gulfing capacity of the cells of the endothelio-macrophagal system, but decreases the ability of the indicated 


cells to destroy the engulfed bacteria or other particles, Thus, the second wave of bactermia in animals re- 


ceiving cortisone can be explained by a depression of the ability of the cells of the endothelio-macrophagal 


system to destroy the engulfed bacteria, as a result of which bacteria multiply in them and, reentering the blood, 


cause a wave of bacteremia, Desoxycorticosterone strengthens not only the phagocytic function, but also the 


ability to destroy the engulfed bacteria by cells of the endothelio-macrophagal system, 


SUMMARY 


Cortisone injected intramuscularly in the dose 5 mg per 1 kg body weightof a rabbit, two times daily 
during 7 days did not suppress the phagocytic properties of the cells of endothelial-macrophagal system, but it 
suppressed the ability of these cells to lyse absorbed cells (B, Coli , strain 613), whereas desoxycorticosterone 
stimulated this activity. 
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EXPERIMENTAL BIOLOGY 


EFFECT OF DISTURBING THE INNERVATION OF THE UTERUS ON THE COURSE 


OF IMPLANTATION IN RATS 


P. G. Svetlov and G. F. Korsakova 


From the Institute of Obstetrics and Gynecology of the Academy of Medical Sciences of the USSR, 
Leningrad 


( Received February 22, 1955) 


Implantation of a rat embryo is performed with the help of a fairly complicated combination of local 
changes in the uterine mucosa, These changes represent a shaping process typical of the organ, in which the im- 
planted blastocyst plays the role of the stimulus and the uterus that of the reacting system [3]. In order to discover 
what significance the normal innervation of the uterus has in this reaction, and to approach understanding of its 
mechanisin in this way, we undertook experiments on the denervation of the rat uterus during the first days of 
pregnancy, 


The operations were carried out with ether narcosis and consisted of three stages: 1) extirpation of the 
lower visceral nerves which lie on the aorta and of the inferior mesenteric ganglion together with the hypogastric 
nerves and the accessory ganglia (g. accessoria) lying along their path; 2) extirpation of the lumbar area of the 
sympathetic nerve trunk by 3-4 ganglia; 3) extirpation of the solar plexus, All three excisions were carried out 
one after the other through anincision in the abdominal wall along the media line from the xiphoid process of the 
sternum to the cranial edge of the urinary bladder, 


As is known, 4 paths of innervation of the uterus exist: through the preaortic plexus, the ovarian plexus, 


branches of the sympathetic trunk (directly or through the preaortic or ovarian plexus) and the sacral plexus, The 
above operation had as its purpose the interruption of the first three of these paths of unterine innervation, It was 
necessary to resort to such a radical operation as the excision of the solar plexus because we did not succeed in 
interrupting the ovarian pathway, As yet, we have not carried out any operations on the nerves which pass through 
the sacral plexus (which form the major part of the parasympathetic innervation of the uterus), It should be 
stated that until now, the topography of the nerve trunks and plexus of the rat's abdomen has been little known, and 
the described operation only became possible after special anatomical investigations, which were carried out for 
this prupose, 


The described operation undoubtedly achieved a great degree of sy npathectomy of the uterus, But since 
we removed the solar plexus, i.c., the nerve plexus which plays a major role in the innervation of all the organs 
in the abdominal cavity, our operation should be regarded net only as the denervation of the uterus but also as 
a serious interference with the function of a number of other organs, 


The operation was carried out on the first and fourth day of pregnancy (the method of producing pregnancy 
in rats and of determining the time of conception was described earlier by us [1]. The implantation process 
usually occurs during the 6th day of development), The results were measured on the 10th day of development. 
By this time, the results of implantation were sufficiently clear, while the embryos which died after implantation 
and their decidua did not have time to be resorbed. On the 10th day of development, the rats uterus, together 
with the ovaries, was excised under anesthesia, the uterus being first observed for hypermia and the nature of the 
egg cylinders in the live state, In order to take into account the state of the internal parts of the decidua and 
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and embryos, the uteri were fixed with Bouin's fluid and desiccated with alcohol, The basic method of considering 
the state of the embryos was excision of parallel sections about 1 mm in thickness from the fixed egg cylinders 
with a razor blade, In medial sections under a binocular microscope the unsegmented embryos in the amnion, the 
incipient placentas and other parts of the embryonic membranes and decidua could be seen well. In some cases, 
we resorted to the usual method of imbedding in paraffin and studied the embryos in sections after staining them 
with Ehrlich’s hematoxylin and eosin, 


We observed the following peculiarities of development: 1) the number of embryos in the uterus in com- 
parison with the number of corpora lutea; the percentage of implantation was determined in this way; 2) the 
distribution of the egg cylinders, in the uterus; 3) the degree of development of the embryo and other parts of 
the decidua; 4) pathological phenomena and necrosis, All the embryonic peculiarities which were found 
among the embryos developing in the denervated uteri were compared with the symptoms of embryos which de- 
veloped in the uteri of control animals, In addition, we carried out control operations, i.e., laparotomies, which 
differed from the operations carried out on the experimental animals only in that denervation was not carried out. 
The effect of ether in the dosages used during the operations on implantation was also studied. 


The distribution of the egg cylinders in the uterus of rats operated on the 4th day of pregnancy was often 
anomalous, While in normal animals the embryos are at some distance from each other in the uterus, with 
approximately equal intervals between them (3% of the embryos are exceptions), the embryos of females operated 


in the indicated way on the 4th day of pregnancy often drew together in groups of two or three, with some of 
the neighboring egg cylinders fused completely with each other (Fig. 1, for numerical data see Table, right column). 


Fig. 1. Schematic representation of the rat uterus on the 
10th day of pregnancy. 

1) development under normal conditions, 2 and 3) devel- 
opment with denervation of the uterus and excision of the 
solar plexus; the egg cylinders are approximated and fused 
in groups of two and three, The mesometrial side is turned 
up, the vagina at the right, the ovary at the left. 


In cases when the egg cylinders are adjacent in the uterus, normal development does not occur: usually the em- 
bryos in these cases were dead already on the 10th day, the rest were very retarded in their development ; 
everything indicated that these embryos later die, since the double and triple egg cylinders are never found at 
the late stages of development, We note that the drawing together of the cylinders after operations on the first 


day of pregnancy is observed no oftener than normal, 


The number of implantations which did not take in the experimental and control animals is presented in 
Fig. 2. (see average statistical errorsin Table), The operation carried out on the 4th day of pregnancy proved 
especially effective. The control laparotomy without denervation, carried out at this period of development 
( 8 animals, 54 embryos), also involved a considerable amount of unsuccessful implantations, Ether narcosis 
without operation ( 6 animals, 68 embryos) did not change the percentage of implanted blastocysts (the decrease 
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indicated in Fig. 2, right,is statistically insignificant}, Similar experiments, carried out on the first day of preg- 


nancy had a smaller, but nevertheless significant number of unsuccessful implants (difference from the control 
of 15.945.2%). The control operations and one ether narcosis on the first day of pregnancy had no effect on the 


q number of implanted embryos, 
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4 Fig. 2. Number of unsuccessful implants, determined 
by the difference between the number of corpora lutea 
and embryos on the LOth day of development, 

1) control, 2) denervation, 3) laparotomy without 
a denervation, 4) narcosis, I) operation on the first day 


of pregnancy, If) operation on the fourth day of pre- 
pnancy. 


Quantitative Data From the Principle Series of Experiments 


anoma- | embryos 
“4 Control 
-q Avsolute figures 9 83 16 67 6 3 9 
i In % 100 91.6 
: 100 88.2 7.9 4.0 3.0 
Experiments 
Operation on the 4th day 
of pregnancy 
Absolute figures 13 127 65 8 24 33 16 
In % 100 51.2 
100 12.3 36.9 50.8 37.2 


Difference from the con- 
trol (in %) 


Operation on the 4th day 
of pregnancy 


Absolute figures 11 | 103 78 59 10 9 2 
In % 100 75.7 
100 75,6 12.8 11,5 3.5 


Difference from the con- 
trol (in %) 4.944.4| 7.544 2) 0.342,8 
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But even if implantation occurred with a denervated uterus, further development proved impossible in a 
number of cases, At the same time, it is apparent that the chief reason for the death of deveiopmental anomalies 
of the embryos in these cases was incomplete implantation, At present we:are reporting information regarding 
the divergence from the normal of the development of the implanted embryos, which was found by the 10th day 
of pregnancy. It is apparent from the table that the development of only 12.3% of the implanted embryos was 
normal after denervation of the uterus on the 4th developmental day; in the rest of the egg cylinders were found 
either dead embryo sacs or empty embryo sacs or hemorrhages of the decidua and remaining initial uterine cavity 
(Svetlov and Korsakova). In some cases severe developmental retardation is observed, Since only half of the 
‘ovulated ova were implanted in these experiments (see above), it is evident that, by the 10th developmental day, 
development was normal in only 6,5% of the possible embryos, instead of 80°. in the control, After the operation 
on the Ist day of pregnancy, the deviation of the implanted embryos from normal was insignificant: the calculated 
average deviation shows that the difference between the relative number of normal embryos in the experiment 
and in the control is statisticaliy insignificant. It is possible that the increased effect when the operation was 
brought closer to the moment of implantation should be related to the stimuli received by the uterus from the 
places where the nerve trunks were cut; these stimuli die away as the distal sections of the nerve trunks degenerate. 


The fates of the studied embryos which were implanted following control laparotomies without denervation 
and following ether narcosis without operations showed that the number of dead and anamalous embryos is 
greater among them than among the controls, but considerably less than after denervation of the uterus and ab- 
dominal organs, The numerical data which show this will be communicated in another paper, 


Thus, the interruption of the uterine innervation (possibly in connection with the interference with the inner 
vation of the other abdominal organs following excision of the solar plexus) causes severe disturbances in the 
process of implantation, As was already reported [2], partial denervation of the uterus leads to an increase 
(quantitative and qualitative) in the developmental anomalies which are observed after overheating the maternal 
body on the 10th day of pregnancy, The interruption of uterine innervation before implantation has an even 
greater effect on the development of the embryos, Here the very possibility of implantation and its normal course 
become much less probable without additional influences, This shows that the unique formative processes which 
develop in the uterine mucosa in response to stimuli from the blastocyst are controlled by the maternal nervous 
system, 


SUMMARY 


We have denervated the ntereus in rats on the first and the fourth day of pregnancy, Experimental animals 
had a considerably lower number of implanted embryos than the control ones, only in the foetus 12.3% of experi- 
mental animals proved to be normal in comparison to 88.2% of the control ones, 


Such pronounced changes were observed only after operations on the fourth day of pregnancy. After opera- 
tions on the first day of pregnancy we observed some variations, but they were less pronounced, 
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CHANGES IN THE SEROLOGICAL PROPERTIES OF TISSUES IN THE PRESENCE 
OF HETEROGENOUS SERUM 


G. V. Suvoreva 


From the Laboratory of Noninfectious Immunology (Head ~ Professor L N. Maisky) of the Institute of Ex- 
perimental Biology of the Academy of Medical Sciences of the USSR, Moscow. 


(Received June 5, 1956, Submitted by Active Member of the Academy of Medical Sciences of the 
USSR, N. N, Zhukov-Verezhnikov) 


In the present work the problem was set to study the reasons which cause changes in the antigenic charac- 
teristics of cancerous tissue when it is cultured on heterogenous nutritive medium, 


We cultivated the tissue of a subcutaneous form of Ehrlich's adenocarcinoma for 3 months in Carrel flasks 
on nutritive media containing rooster plasma, chicken embryonic extract and rabbit serum, 


After the indicated period of time, the explants were removed from the Carrel flasks and washed twice in 
Ringer's solution, then washed 7 times in physiological solution or a 10 solution of saccharose with a 10 minute 
centrifuging at 2500 RPM), The wash waters obtained in this way were studied for the presence of proteins in 
them with the help of a 20% solution of sulfosalicylic acid, 


The results are presented in Table 1, 


TABLE 1 


Presence of Protein (+) in Wash Waters 


Presence of Proteins 


On subsequent manyfold immunological investigations of the explants, washed free of nutritive medium, 
uniform results were obtained which indicated that there were changes in the immunological characteristics of 
the tissue, 


The data from one of these experim ents (Experiment No, 4) are presented in Table 2, 


As is apparent from Table 2, the tissue partially expends its initial antigenic activity in the complement 
fixation reaction (CFR) during the comparatively protracted culture in vitro. 


Naturally, the question stood before us whether the changes we obtained in the immunological activity of 
the tissue were the result of changes in its antigenic structure or whether this phenomenon was determined by the 
physico-chemical interrelations between the explanted tissue and the nutritive medium, 
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TABLE 2 


Result of the Complement Fixation Reaction (CFR) with Serum Immune to Ehrlich's Adeno- 
carcinoma and with Explants of Ehrlich’s Neoplasms Cultivated for 3 Months 


Serum 
control 


Ehrlich’s 
adenocarci- 
noma 


Dilution serum 


Antigen control 


We set up a number of experiments to answer this question. 


In this connection we were guided by the investigation of G, P. Tribulev and P, N, Kosyakov [5], who showed 
the ability of tissues to bind nonspecific antibodies from heterogenous sera at their surface with subsequent change 
in the antigenic characteristics of these tissues, 


EXPERIMENTAL METHODS 


The neoplasms were removed from mice with the subcutaneous form of Ehrlich’s adenocarcinoma and were 
cut in three equal parts. One part of the neoplasm was minced, ground in a mortar, suspended in physiological 
solution, using 1: 10, and centrifuged. The supernatant fluid which was obtained was used as the antigen,called 
"native antigen", The other two parts of the neoplasm were cut with a razor into pieces similar to those made for 
tissue culture. Half of the pieces were placed ina testtube with physiological solution, the other half of the 
pieces were also transferred toa test tube and covered in some experiments with only normal rabbit serum, in 
others with the same serum, but diluted with Tyrode solution ( 1:1), The proportions by volume of serum used to 
the pieces varied in individual experiments between approximately 2:1 and 4:1, 


Both test tubes with pieces of neoplasm were placed in a thermostat at a temperature of 37° for 18-14 hours 
in the first experiments, for 1 hour in later ones, Then the pieces of neoplasm were removed from the test tubes, 
washed with Ringer's solution and physiological solution (or 10% saccharose solution) in the same sequence as 
was described above with relation to the explants which were taken after culture on a nutritive medium, 


The wash waters which were obtained when the pieces were washed free of serum were also studied, testing 


for the presence of protein, 


The results are presented in Table 3, 


The pieces whicl were washed as above were minced and antigens were prepared from them: “antigen, 
processed with physiological solution” and “antigen, processed with heterogenous serum," 


The “native antigen,” antigen processed with physiological solution and antigen processed with hetero- 
geneous serum were carefully titrated, then checked by the complement fixation reaction for their ability to 
react with serum specific against mouse adenocarcinoma. 


explant of unculture 
pleen of liver of 
Ehrlich's 
white mouse] white mouse 
homa 
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TABLE 3 


Presence of Protein (+) in the Wash Waters Obtained after Processing Pieces of Neoplasm 
with Heterogenous Serum 


Wash waters 


Since almost identical results, with only minor deviations, were obtained in all the experiments we set up, 
we present only the data obtained in Experiment No. 3 in Table 4. 


TABLE 4 


Complement Fixation Reaction with Serum against Ehrlich's Adenocarcinoma and with 
Antigens from Ehrlich's Adenocarcinoma 


Serum 
processed with |processed with control 
Native physiological serum for 14 | 


solution hours 


Serum dilution 


: 20 
: 40 
80 


1 
! 

I: 

1: 160 
1 : 240 
1 : 320 
Antigen control 


As is evident from Table 4, preliminary processing of the tumor tissue with physiological solution did not 
cause changes in its immunological activity, while even comparatively brief (14 hours) contact between the 
tissue and heterogenous serum led to a sharp decrease in its ability to react with a specific antibody, 


We observed similar changs in the immunological characteristics when the duration of the preliminary 
processing of the tissue with heterogenous serum was cut to 1 hour; the degree of loss of antigenic activity in 
this case was only slightly less evident than in Experiment No, 3 ( 1: 160 ++ or 1: 160 +(+)). 


This let us reach the conclusion that neoplastic tissues, even after brief contact with heterogenous serum, 
decrease their ability to combine with specific antibodies, 


Taking into account the brevity of the presence of the tissue in the heterogenous serum, it is hardly possible 
in this case to relate the decrease in its immunological activity to changes in antigenic structure. Apparently, 
the results obtained are explained by the fact that serum proteins, being adsorbed on the surface of the tissue like 
protective colloids, hinder the interaction of the antigen with the corresponding specific antisera later, when the 
complement fixation reaction is set up. 
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This hypothesis is indirectly confirmed also by our investigation of the fall in the titer of antibodies in the 
nutritive medium due to their adsorption by the cells of the cultured tissue [4]. 


Our data did not counterindicate the possibility of changes in the antigenic structure of the tissue when it 
is explanted and heterotransplanted [1, 2, 3], but they did indicate the necessity of taking into account the effect 
of heterogenous sera with the tissue under investigation in all such work, 


We do not touch on the problem of the acquisition of new antigenic properties by the cells and tissues, which 
is connected, apparently, with changes in the antigenic structure of the tissue during prolonged culture and hetero- 
transplantation. 


SUMMARY 
Even a short contact (1 hour) of the tissue with heterogenous serum at 37°C decreases its serological 
activity in the complement fixation reaction, 


It is probable that one of the circumstances causing these changes is the fact that the tissue surface 
absorbs the serum albumins preventing further interaction of antigen and respective antibody, 


The data obtained confirm that it does not suffice to use only a serological method of research when 
solving the problems of changes in antigenic structure of tissue, 
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ON THE FOR PIG ASCARIDS 


TOXICITY OF OXYGEN 


N. Kravets 


P, 


From the Stanislav Regional Antimalaria Station (Head -T. Yunosheva) 


(Received November 1, 1955, Submitted by Academician E, N. Pavlovsky) 


As many observations have shown, the majority of preparations which have been used recently to eliminate 
ascarids from the intestines have not fulfilled the hopes placed in them; some were eliminated on account of 
low effectiveness, others on account of their toxicity for man, Santonin and wormseed proved to be best. Recently 
Sankafen (to a lesser degree oil of chenopodium and hexylresorcinol) are becoming widely used in everyday 
practice, 


The mechanism by which these preparations act on the ascarid and human system has not yet been fully 
studied, The inadequacy of our knowledge concerning some of the physiological peculiarities of ascarids, without 
which it is sometimes impossible to affect their life and to work out an effective therapy, plays a substantial role 
in this problem, With respect to type of metabolism,helminths must be placed in this or that group not according 
to the usual morphological signs, but according to their existence under these or those conditions which have a 


special effect on the biochemical processes which are carried out in the organism of the parasite. 


Data of an analysis of the intestinal gases (Brand and Veze, 1932, cited from I. 1. Ivanov) show that in the 


ig large and sinall intestines of animals and man, oxygen can exist as traces only, at most (from 0 to 0.358% by 
wi volume with respect to the other intestinal gases), 

- The fact that the microflora in the intestines is represented by typically anaerobic microorganisms also 

indicates the presence of anaerobic or almost anaerobic conditions in the digestive tract of mammals, Con- 
f sequently, ascarids live in an environment practically devoid of oxygen. 

s Much polysaccharide is required in order to obtain energy under anaerobic conditions and ascarids actually 
<a as the investigations of I, L Ivanov [2] showed, contain from 4,2 to 7.1% glycogen, from 20-34% in the desiccate, 
a It is the result of this large accumulation of glycogen that the existence of helminths in the intestines of the 
ae animal hosts is possible, 


The splitting of polysaccharides in ascarids can proceed by virtue of the enzymes of the host, as well as of 
the parasite itself (amylase has been found in the intestines of ascarids), The metabolic end products of ascarids 
have been found to be CO, and volatile fatty acids (chiefly valeric), as well as a small amount of lactic acid. 


Consequently, ascarids live in an anacrobic atmosphere ; their metabolism is based on the anaerobic type 


(I. I, Ivanov). 


On the basis of the above it seemed interesting, from our point of view, to change the atmosphere surrounding 
the ascarids by introducing oxygen into the intestines, which, as is known, is well tolerated by the human organism. 


However, before introducing oxygen into the human intestine, we considered it necessary to carry out ex- 
perimental investigation of pig ascarids because, on the one hand, it is very difficult, if not impossible, to obtain 
a live human ascarid, and on the other hand, pig ascarids differ little from human ascarids in their biological 
and morphological properties, 
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We succeeded in obtaining live parasites in sufficient quantity at the Stanisloy Meat Combine, where we 
carried out observations directly at the slaughterhouse, Usually 15-20 minutes after the pig was killed, it was 
skinned and the carcass was hung on hogks, Immediately, at a slight distance, the abdomen was opened and 
(without removing the internal organs) the small intestine was examined (the intestine was palpated throughout 
its length with both hands at once). We compared our data on finding ascarids with the data of the controllers 
of the intestine shop, Having examined 450 pigs, we found ascaridsin all but two cases. We found ascarids in 
the small intestine primarily by palpation, We assigned especial significance to the spastic state of the small 
intestines, since we usually found ascarids at the places where there was spasm, 


The following observation is very significant: an “ascarid” was found by us through palpation in one an- 
imal, but there was no spasin in this section of the intestine, 


After the intestine was opened, instead of an ascarid, a piece of rope about 30 cm long was found in its 
contents, It must be assumed that intestinal spasin develops as a result of the fact that the ascarids, either by 
their active movements or by excreting some toxic substance, irritate the intestinal walls, 


Ascarids, which are usually found in the intestines in an extended position, can move slowly (up to 1cm in 
30 minutes) back and forth along the intestine, 


Having found ascarids (in the first series of experiments), we removed them from the intestines and placed 
one of them (or two, depending on the number of parasites) in a glass cylinder which was hermetically sealed 
and filled with oxygen, and another in the same kind of cylinder filled with atmospheric air, The temperature 
of the afr in the cylinder was 22-24", 


The ascarids which were placed in the cylinder with oxygen, after making a few motions, seemed to be- 
come quiescent, From the 20th minute, no independent motions of any kind could be observed among them and 
only after the position of tne cylinder was changed did they make a few pendulum-like movements within a 
range of 2-3 mm) with their anterior and posterior ends. From the 30th and 40th minute it was impossible 
to evoke the indicated movements of the parasites, even when the position of the cylinder was changed, and only 
heating the metal base of the cylinder on an alcohol lamp caused a hardly noticeable movement of the ascarid. 


Of 14 parasites which were in an atmosphere of oxygen, 4 died in 50 minutes, 3 in 60 minutes, 4 in 70 min- 
utes and 3 in 80 minutes, Thus, the death of the parasites occurredin 50 to 80 minutes according to our observations. 


The life span of the ascarids which were placed in a cylinder filled with atmospheric air was different. 
We observed more active movements here at first, which later became weaker and weaker, Beginning with the 
fourth hour of their existence in the cylinder, it was only possible to bring the parasites out of their torpor by 
heating. In 4 hours, 2 of the 14 experimental ascarids died; in 4 hours 30 minutes, one ;in 6hours, one; in 8 
hours, 4; in 10 hours, 4; in 11 hours, one; and in 12 hours anotherone, The average life span of the ascarids 
in atmospheric air, according to our data, varied between 6 and 7 hours and exceeded even 10 hours for a small 
number of worms, 


In the second series of experiments we tried to observe the ascarids under the physiological conditions most 
natural for them, 


Having found ascarids in the small intestine after the slaughter of a pig, we tied off this area of the intestine 
(about 30 cm in length) on both sides, placed it in a vessel filled with warm physiological solution, and filled the 
intestine with oxygen. The temperature of the physiological solution was maintained all the time at 40-42? (the 
temperature of the animal's abdominal cavity), The average life span of the ascarids in the intestine filled with 
oxygen and in the cylinder with oxygen equalled approximately one hour, 


In 10 cases, the ascarids were left in an intestine which was filled with atmospheric air and immersed in 
warm physiological solution, The results obtained differed little from the data which were obtained by us when 
the ascarids were placed in a cylinder with atmospheric air; the average life span of the ascarids in atmospheric 
air was 10 hours according to our observations, 


In our observations we did not observe any significant difference between the behavior of the males and 
females, but we got the impression that the males are less hardy than the females, 
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Thus, experimental data prove with sufficient force that oxygen has a fairly rapid, toxic, paralyzing effect 


on ascarids, shortens their lifespan by many times, and, which is especially important, the parasites which are 
killed, die on the spot, without crawling along the intestine. 


These observations served as the basis of the highly effective therapy of ascariasis in man which has been 


worked out by us, 


The direct reason for the death of the ascarids, it can be assumed, is the accumulation of hydrogen peroxide. 
The content of catalase (the enzyme which decomposes H,O,) was indeed found to be low in the body of the 
ascarid, 


According to Moulder [8], the possible mechanism of the toxic effect of oxygen on ascarids can occur in 
three ways: 


Ll) oxygen can oxidize some essentially important enzymes, growth substances or substrates which are 
active only in their reduced form ; 


2) oxygen can form free, inactive complexes with some essentially important enzymes, growth substances 
and substrates ; 


3) oxygen can take part in a reaction in which toxic substances are formed. 


Oxygen is very reactive and can combine for a variable period of time with substances essential for the 
normal functioning of the ascarid organisin. 


SUMMARY 


A toxicity of oxygen for pig ascarids has been determined; in air they live from 2 to 12 hours, in pure 
oxygen they die on an average within 1 hour, 
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THE GRADATION OF REGENERATIVE CAPACITIES OF A NEURON AFTER TRAUMATIC 
INJURY OF ITS AXON AND THE EFFECT OF REPEATED SECTION OF A NERVE ON ITS 
SPEED OF REGEMERATION 


A. Ya, Shiyanevsky 


From the Clinic for Nervous Diseases (Head ~ Professor V. Ya. Anfimov) and Chair of Histology (Head- 
Candidate in Biological Sciences, G, F.Berezentseva) of the Krasnodar Medical Institute 


(Received December 13, 1956, Submitted by Active Member of the Academy of Medical Sciences of the 
USSR, S. A. Sarkisov) 


Manyfold investigations [3, 4, 6, 7,11 and others] of the processes of degeneration and regeneration of the 
peripheral nerves have proved that the intensity of the phenomena of regeneration is in direct ratio to the degree 
of injury to the nerve trunk, The regenerative processes are less evident when the degree of neural trauma is high 
than when it is low, 


The greater the injury to the axon, the more evident are retrograde changes in the neuron, 


The study of the problem of the effect of repeated trauma on the regeneration processes of a nerve represents 
a certain interest since operative interference with an injured nerve in the form of freshening” the central culture 
is a repeated trauma of the peripheral nerve, M, A, Usievich [9] in 1929 discovered by physiological methods 
that the process of nerve fiber regeneration proceeds almost twice as fast if the nerve trunk under investigation is 
cut again. In 1940, T. T. Alekseev, L, S. Gracheva, M. A, Usievich [2], on the basis of physiological data, again 
confirmed that repeated trauma speeds the process of regeneration of a nerve, 


In 1952, O. V. Aleksandrovskaya [1] indicated, on the basis of morphological investigations but without 
physiological verification, that repeated injury in the vicinity of the central segment is regenerated very quickly 
by the nerve fibers, “Activation” of the neurons, caused by the first injury, is supposed to facilitate this, 


We carried out experimental histological investigations with the purpose of establishing the effect of the 
degree of trauma to the peripheral nerve and of repeated trauma on the rate of regeneration of the nerve. 


EXPERIMENTAL METHODS 
The experiments were carried out on 40 experimental animals (15 cats and 25 rabbits), 


Of this number of animals, experiments with repeated neural trauma were carried out on 8 rabbits, whose 
right sciatic nerve was injured twice in the same place, es 


The right sciatic nerve of the cats was injured at two levels: ata distance of 1,5-2 cm and 
of 5 cm from the foramen ischiadicus along the path of the sciatic nerve on the hip, The traumatic neural in- 
jury consisted of neurotomy with subsequent neurorrhaphy of the nerve segments, The success of the regeneration 
of the sensory nerve fibers was checked by the method of Yu. M. Konorsky and L, Ya, Lyubinskaya [5] on the 
7th day after the operation (3 animals), on the 20th day (2 animals), on the 35th day (2 animals), on the 50th day 
(2 animals), on the 65th day (2 animals), on the 87th day (2 animals), on the 107th day (2 animals), 


At each time a check was made of animals with peripheral nerve injuries at different levels, 
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Fig. 1. Degeneration of the neurons in the Lz spinal ganglion 7 
days after cutting the sciatic nerve, 


Fig, 2, Degeneration of the neurons in the cut horns of the 


L, spinal segment on the 20th day after cutting the sciatic 
nerve, 


Since the purely physiological methods of Yu. M. KonorskyandL, Ya.Lyubinskaya are only applicable to 
the verification of the regeneration of the sensory nerve fibers, we checked the speed of regeneration of nerve fibers by 
histological methods on the rabbits, In addition, we judged the speed of regeneration of motor fibers by the 
"fan" symptom in the rabbits: if the rabbit is lifted by the dorsal skin, the digital phalanges of its hind legs 
diverge in all directions like a fan, The reflex disappeared immediately after the operation on the side of the 
injured sciatic nerve and reappeared only after the motor nerve fibers grew into the plantar interossei muscles. 
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Fig. 3, Regeneration of the nerve fibers after a repetition 
of the cutting of the sciatic nerve. 


Single trauma of the right sciatic nerve of the rabbits also represented neurotomy with subsequent neurorrhaphy 
of the nerve segments, The observations were carried out on 17 rabbits, We traumatized three different levels 
of the nerve: ata distance of 1,5 cm from the foramen ischiadicus in 6 rabbits; at a distance of 5 cm in 6 
rabbits and at a distance of 10 cm in 5 rabbits, The animals were killed 1,7,20, 44, 46, 64, 91, 148 and 160 days 
from the time of the operation, Various sections of the right peripheral nerve, segments of the spinal column 
and spinal ganglions corresponding to them, sections of the right plantar interossei muscle were examined 
histologically, 


EXPERIMENTAL RESULTS 


It has been found that the speed of regeneration of the sensory nerve fibers differs with different levels of 
nerve trauma and different lengths of time after trauma. The results are presented in the Table, 


Analyzing the data obtained, it can be noted that the speed of the regeneration of the nerve fibers pro- 
gressively slowed at the time of regeneration and the length of the outgrowth of the peripheral nerve increased, 
In other words, the longer the axon grows, the slower is its rate of regeneration, The fact that during the first 
20 days, with various levels of nerve trauma the rate of regeneration of the axons is almost equal draws attention. 
Later, the rate of regeneration at a low level of trauma becomes greater than the rate of regeneration of the axons 
at a higher traumatic level, 


In the process of observing the nature of the regenerative and destructive changes in the sciatic nerves and 
in the centers, we noted that the morphological phenomena in the cellular structures differed little from the 
morphological descriptions of B. S. Doinikov, L. I. Smirnov, B. A. Favorsky and others [3, 8, 10). The phenomena 
of retrograde changes in the neurons of the spinal ganglions and spinal column, which correspond to the centers 
of the sciatic nerve, were considerably more evident at a higher level of trauma than at low traumatic levels, while 
the reverse development of these retrograde changes was less evident. The number of degenerated neurons, in 
the ganglions as well as in the spinal column at the corresponding segments, was rather considerable on the injured 
side at a high level of trauma, while at lower traurnatic levels the degeneration of the neurons was insignificant. 
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As regards the regenerating axons, a more rapid advancement of the "growth bulbs” could be noted at a low 
traumatic level and a slowing of their advancement at a higher level of injury. The thickness of the regenerating 
axons in the distal segments of the nerve at a high traumatic level of the nerve was less in all cases than the 
thickness of the regenerating axons at low traumatic levels, 


According to our observations, there is a gradation of the regenerative abilities of the neuron which is 
evidenced in the fact that when trauma of a neuron's axon occurs, the regeneration of the lost section occurs 
more easily the further the trauma occurred from the body of the neuron, As the traumatic level approaches 
the body of the neuron, the regeneration of the lost section of the axon slows, Finally, at a certain close distance 
from the body of the neuron, trauma of the axon leads to the degeneration of the neuron, 


Speed of regeneration, mm/da 


Time of observation . . 
n. tibialis peroneus n. n. peroneus 


communis tibialis | communis 


Axons were found partly grown through the scar, 


7 days later partly at the place of healing or at the beginning 
of the scar ( found histologically) 


th day 


th day 
th da 
th da 
th day 
th day 


We measured the distance from the place of trauma to the segmental centers of the nerve and the distance 
from the place of transsection to the end apparatuses, located at various distances, 


Let us use an example from Experiment No. 7. The level of the trauma to the sciatic nerve was 1.5 cm from 
its exit through the foramen ischiadicus, At autopsy, the distance from the place of transection to Ly was 5 cin, 
to Sy was 4,3 cm, to Sp was 3.7 cm, The length of the regenerating peripheral seginent of the axon, which pre- 
viously innervated the proximal sections of the muse, biceps femoris, was 1 cm; the length of the regenerating 
peripheral segment of the axon, which previously innervated the plantar interossei muscle was equal to 20 cm, 
If both axons extended from the Ly segment, then the total length of the shorter axon was 6 cm, while the length 
of the segment which goes to the plantar interossei muscles was 25 cm, Although the place of trauma of both 
axons was the same, the percentage of loss (by the peripheral segment due to the trauma with respect to the total 
length of the axon was equal to. 16.6% for the short axon, 80% for the long axon, Any combination of relations 
of the losses of the axons, if it is calculated from the distances of the centers, makes the loss greater for the 
longer axon, We consider that the levelofasingle location of trauma to a nerve is not proportional for each 
individual nerve fiber. 


We did not observe the "fan* symptom in rabbits with trauma of the sciatic nerve at a distance of 1.5 em 
from the f, ischiadicus on account of the widespread trophic disturbances of the sole of the foot and the loss of 
phalanges, The average calculation of the greatest speed of regeneration of the motor fibers according to the 
*fan" symptom for the middle and lower levels of nerve trauma gave the following rates: 2.4 to 2,7 mm/day 
at the tniddle level; 2,9 to 3 mm/day at the lower level 


There were two levels of injury among the 8 rabbits whose right sciatic nerve was injured twice, In 4 
rabbits, it was at a distance of 10 cm and, in 4, at a distance of 1.5 cm from the f. ischiadicus, 
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The repeated trauma (neurotomy with subsequent neurorrhaphy) of the right sciatic nerve was carried out 
61 to 90 days after the first trauma, 


Study of microscopical preparations of various sections of the right sciatic nerve, Lq-S,~, segments of the 
spinal cord and spinal ganglions (Fig. 1,2, 3] showed the following. Regenerative phenoniena of the nerve fibers 
of animals which suffered repeated trauma were considerably less evident than among the animals which had suffered 
a single injury to the nerve, The number of regenerating nerve fibers was less, the advancement of the "growth 
bulbs" toward the periphery slower, the thickness of the axons less, Varicose thickenings along the axons were 
more evident, But the phenomena of retrograde changes in the central axons and in the bodies of the neurons 
were more profound than among the animals with single trauma, In the segmental centers and in the spinal 
ganglions, which corresponded to the centers of the sciatic nerve, a great number of degenerating neurons could 
be observed, phenomena of proliferation of the glial cells and phagocytosis of the neurons could be observed. 

It should be noted that all the above phenomena were considerably more evident among the animals which had 
a high level of trauma (at a distance of 1.5 cm from f. ischiadicus) than among animals with a low level of 


trauma (at a distance of 10 cm from the f. ischiadicus), 


The speed of regeneration according to the "fan" symptom, calculated from the time of secondary 
trauma, showed that the speed of regeneration was 1 mm/day on the average. 


SUMMARY 


Histological study of 40 animals after cutting the n, ischiadicus allowed us to draw following conclusions, 
On any level of nerve injury, the place of trauma eventually creates different injury levels of every single nerve 
fiber included in the nerve trunk, This phenomenon is due to the anatomic structure of peripheral nerves, 
consisting of the axial cylinders, There is a gradation of the regenerative ability of the traumatized neurons, 
which finds its expression in the fact that the further from the nerve cell body is located the trauma, the more 
readily and rapidly proceeds the reduction of the lost part, With the approach of the trauma level to the neuron, 
regeneration of the lost part is inhibited, slackened and may bring about the destruction of the nerve, Repeated 
trauma of the peripheral nerve decreases the regneration ability of the injured neurons, and brings about more 
intensive and irreversible phenomena in nerve cells, Regeneration of peripheral nerves is less complete and 
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CHANGES IN THE FUNCTIONING OF THE PAROTID GLAND OF GUINEA PIGS 
DURING REGENERATION 
A. G. Babaeva 
From the Laboratory of Growth and Development (Head ~Professor M. A. Vorontsova‘of the Institute of Ex- 
perimental Biology (Director ~ Professor LN. Maisky) of the Academy of Medical Sciences of the USSR, 


Moscow. 


(Submitted September 14, 1956, Submitted by Active Member of the Academy of Medical Sciences of the USSR, 
V.N. Zhukov ~Verezhnikov) 


It is typical of the majority of work devoted to the study of the regeneration of the salivary glands after 
injury that only morphological methods of investigation are used. Nevertheless, there is an insistent need for ca 
morpho- physiological analysis of the changes which occur during trauma and of the subsequent degeneration of 


the gland. In order to study more fully the mechanisms which are typical of the regeneration of the salivary 
glands, we set as our problem the use of both morphological and physiological indicators of regeneration in the e 
study of this process, The problems which interested us were the functional changes in the gland after its partial 


resection and the effect of increased functional load on the process of regeneration of a salivary gland, Data % % 
have been obtained on a number of organs which indicate the stimulating effect of increased functional load on : # 
the regenerative process (Birkun [2], 1955; Samsonidze [6], 1954, and others). It was important to discover ; : 
whether the hypothesis regarding the more complete process of regeneration under conditions of increased functional 


load is justified with the salivary gland as an example. 


The changes in the salivatory function during regeneration of the parotid gland were studied by us on guinea ; 
pigs with a fistula of the duct of the left gland placed by the method worked out by A, M. Ugolev [7] (1953). ‘on 
The saliva which was secreted during 3-minute time intervals was collected on cotton tampons and weighed on PY 
a torsion balance, In studying the changes caused by injury to the gland, the level of secretion during the period 
immediately preceding the experiment was taken into account. The experiment consisted of the complete 
extirpation of the right salivary gland,resection of the left salivary gland at the lower edge of the mandible. 


In one paper [1], we established that under these conditions the parotid gland of guinea pigs regenerates 
well and reestablishes its original weight and size. 


Study of the functioning of the parotid gland of normal guinea pigs (12 animals) showed that, first of all, 
spontaneous saliva secretion (Ugolev [8], 1956) completely disappears by the 16 th day after the fistulization 
of the duct. The study of the secretion caused by food stimulation showed that with the course of time after 
fistulization a decrease occurs in the amount of secreted saliva (about 3-5 times approximately in 45 days), i.e., 
fistulization leads to a certain weakening of the functioning of the salivary gland, Histological investigation of 
the gland with the externalized duct showed that externalization of the duct leads to degenerative changes in the 
gland, which increase as the length of time increases after fistulization of the duct. 


It can be assumed that the observed degenerative changes in the gland and the decreased amount of saliva 
secreted through the fistula are caused by interference with the normal reception from the oral cavity, as well as 
by interference with the normal topography of the duct. 


* Deceased, 
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The indicated weakening of salivary secretion does not however, interfere, with the study of the ability of 
the gland to function during its regeneration, since the basic mechanisms which are peculiar to secretion in 
response to food stimulation do not change, namely, during a unit of time more saliva is secreted in response to 
juicy food than in response to dry food; the change in the food stimulus leads to an increase in secretion in com- 
parison with the last test with the first type of food; in the first tests, more saliva is secreted, then the amount 
of saliva secreted gradually decreases, 


Experiments with extirpation of the right and resection of part of the left gland with fistulization of the 
duct of the latter, which were carried out on 8 guinea pigs, showed that the functioning of the gland after its 
partial resection was severly disturbed, This disturbance was evidenced in the fact that in the first days after 
the operation (2-7 days), salivary secretion in response to food stimuli stopped completely. The disturbance of 
the functioning caused by resection of an area of the gland was noted also in animals with an intact duct, In these 
experiments (15 animals) the disturbance of the functioning of the gland was discovered when the duration of the 
latent period for the appearance of saliva in response to the administration of pilocarpine was being studied. 

The experiments were carried ont under conditions of direct observation of the orifice of the ducts in the mouth 
cavity. 


From the results of the experiments, the prolongation of the average duration of the latent period dur- 
ing the first seven days following the operation was found to be from 3 minutes 42 seconds to 5 minutes 32 
seconds, 


A few days after the operation (from the 3rd to the 7th day) saliva secretion in response to food stimuli was 
gradually reestablished in the animals with a fistula of the duct. The amount of saliva secreted, as a rule, 
reached the preoperational level, but this occurred at different periods in different animals: complete reestablish - 
ment of the level of saliva secretion was observed in some by the 4th day, in others the time for reestablishment 
extended to 3 weeks, 


The basic reason for the observed inhibition of the gland's functioning in our opinion, consists of a specific 
reaction of the gland to the trauma connected with the removal of a portion of it. 


We came to this conclusion by eliminating all other reasons capable of causing depression of function. 
Narcosis could be such a reason, However, in special experiments with unilateral extirpation of the gland 
(2 guinea pigs), which were also carried out under ether narcosis, we did not obtain depression of the secretion ; 
on the contrary, the amount of saliva secreted through the fistula increased sharply. 


The result of these experiments with unilateral extirpation of the organ eliminated the possibility of reflex 
inhibition of saliva secretion due to removal of the paired organ, 


The second reason which could cause decreased secretion is the decreased volume of glandular tissue. 
However, the fairly rapid reestablishment of the functioning of the resected gland (sometimes by the 4th day) 
indicated that the remaining piece of gland could also assure normal saliva secretion, apparently through the 
inclusion of all the secretory cells into the functional process (normally not all the end sections are in functioning 
condition), 


The same rapid reestablishment of functioning preceding the regeneration of the structural elements of the 
organ, was described for the liver ( Meister [4], 1894; Nisnevich [5], 1947, and others), the pancreas (Kravclienko 
[3], 1954), the kidneys (Frankshtein [9], 1948) and a number of other organs, 


Following the reestablishment of the functioning of an operated gland of animals with an externalized duct, 
its depression is again observed, We explained this by the degenerative changes in the gland caused by the 
fistulization of the duct, We ran into the same phenomenon of gradually decreasing secretion among guinea pigs 
with fistulas of the duct of an uninjured salivary gland, A special series of experiments, in which a fistula was 
formed 3'/, months after extirpation of part of the gland (7 guinea pigs) shows that our explanation is correct. 
These experiments showed that the level of saliva secretion by the regenerated gland did not differ substantially 
from the salivary secretion of normal animals, 


Another group of experiments was to have shown the role of functional loading of the gland in the process 
of its reparative regeneration, An increased functional load was created by the daily administration of 0. 1% 
pilocarpine solution. 
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In experiments in which the functional load on the gland occurred during the post-operative period, it was 
found that the functioning of the organ whose regeneration occurred under conditions of increased functional 
loading, reestablished itself more rapidly. Thus 3, months after the operation the maximum value, indicating 
saliva secretion during 9 minutes, was 710 mg for the gland which regenerated during increased functional loading ; 
while the maximum amount of saliva secreted by a gland which regenerated under normal functional conditions 
was 327 mg. 


In relation to the rest of the indicators-weight, structural regeneration- the stimulating effect of functional 
loadihg on the regenerative process was also observed, However, these experiments are of a preliminary nature 
due to their small number and require an increase of material, 


As is apparent from the above experimental result, regeneration of the parotid gland is characterized by 
rapid reestablishment of the original level of secretion, The reestablishment of function occurs more rapidly 
than the morphological regeneration, which, according to our data, takes about 3 weeks. One can think, however, 
that, as the regeneration proceeds, new structural relations acquire greater significance in the functioning of 
the organ and the subsequent normal physiological activity is determined to a considerable extent by the re~ 
generative process, The problem of the interrelations between the functional and morphological aspects of the 
regenerative process remains unclear in this case still and requires further deeper analysis. 


SUMMARY 


In guinea pigs, resection of the left parotid gland accompanied by simultaneous extirpation of the right 
parotid gland caused cessation of secretion during 2-7 days (animals with fistula of the duct) and prolonged the 
latent period before the appearance of saliva in response to pilocarpine injection, Secretion was restored in all 
animals towards the 7th day, The initial level of secretion was recovered at different dates between the fourth 
and twenty-first days. 
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The problem of the possibility of the plurisomitic innervation of histological structures was first set by 
Agduhr [12] in 1916, Based on his physiological experiments, he reached the conclusion that it is possible for 
several motor nerve fibers which originate in different segments of the spinal cord to terminate in the same 
muscle, Agduhr confirmed by experimental morphological observations his physiological data, proving with 
respect to the muscles of the anterior extremities and intercostal muscles that it is possible for two nerve fibers 
originating at different levels of the spinal cord to end at one muscular fiber, 


In 1925, B. 1. Lavrentyev [8], studying the innervational relationships of the muscles of the posterior ex- 
temity of the frog, established the existence of plurisomitic motor innervation of some muscular fibers in the 
sartorius muscle, Similar facts were proved by V, N. Murat and N, F. Rupasov [10] in 1937, with respect to 
the fibers of the ocular muscles of the cat. On the fourth day after section of the oculomotor nerve, the authors 
succeeded in observing two motor end-plates, one of which was completely destroyed while the other looked 
completely normal, on one of the muscular fibers of the m, rectus oculi lateralis. 


The widespread application of the experimental method in studying the afferent innervation of the internal 
organs has allowed the origins of the sensory fibers of many of them to be established exactly, The undoubted 
existence of plurisomitic receptor innervation of some of the internal organs was found, The clearest proofs of 
this phenomenon were obtained by E, M. Krokhina [7] with respect to the afferent innervation of the large in- 
testine and rectum of the cat. She established that the sensory nerve fibers which form the receptor apparatus in 
the walls of the indicated organs originate in the cells of the spinal ganglion which lie at different levels of the 
spinal cord (beginning with the upper thoracic segments and ending with the sacral), 


Analyzing the results of experimental morphological investigations of the sensory innervation of many in- 
ternal organs which were obtained by different authors, the undoubted plurisomitic origin of the receptors of this 
or that organ can be noted, Thus, E, K. Plechkova [11]. sin studying the innervation of the heart, established the 
origin of some of the sensory nerve endings of its wall at the vagus nerve, of others at the thoracic intercostal 
ganglions, 


A similar relationship was established by B. A, Dolgo-Saburov [3] for the inferior vena cava and by T. A, 
Grigoryeva [1] for the aorta. V. F, Lashkov [9], studying the receptors of the lungs, was able to state the connection 
between the sensory endings of these organs with the spinal ganglions of the cervical, thoracic and lumbar sec- 
tions of the spinal cord, T. A. Grigoryeva [2], discussing the peculiarities of the sensory innervation of the 
viscera, indicated directly that the distribution of the sensory nerve fibers to the viscera is characteristically non- 
somitic, 
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q Thus, multiple origin of the afferent innervation has been proved for many internal organs at present, The ; 
-4 question of the plurisomiticity of the origins of the innervation of individual receptor apparatuses has not been 4 
raised until now. ae 
EXPERIMENTAL METHODS 
a Our experimental morphological investigation was carried out on young, half-grown male dogs. The an- 
“g imals spinal ganglions were removed usually at the levels of the spinal cord where the sensory nerves of the 
4 male sex organs originate, As is known, these are the paravertebral ganglions of the lower lumbar and sacral 
a segments, As a rule, separate bilateral extirpation of the ganglions at the indicated levels was carried out, i,e., 
4 in some cases only the lumbar ganglions were extirpated, in others only the sacral ones, 72 hours after the op- 
tl eration, the sex organs were removed from the animals for examination fixed in 12% neutral formalin or in A, F. A. 
. fluid and processed according to Bielschowsky-Gross' method, 


Fig. 1, Receptor in the tunica albuginea of the corpus cavernosa penis of a 
dog, 72 hours after bilateral extirpation of the five lowest lumbar para- 

vertebral ganglia (processed by the method of Bielschowsky-Gross-Lawren- 
tiew). 


Fig. 2, Sensory ending in the tunica albuginea of the corpus cavemosa penis of 
a dog, 72 hours after bilateral extirpation of all the sacral paravertebral gang- 
lia, 

(Processed by Bielschowsky-Gross method), 
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We studied the sensory nerve endings which lies in the tunica albuginea of the corpus cavernosa penis, A 
large number of receptors, differing in morphology, are in this area, Among them, uniquely constructed endings, 
some what resembling tendinous fibers, draw attention, These receptors represent bound nerve endings in the 


ei formation of which, in addition to the terminal branches of the nerve fibers, special structures take part, repre - 
a senting the nucleoplasmic component and the membrane which surrounds the ending, together with the bunch of 
s connective tissue fibers which pass through it. The number of sensory nerve fibers which end in this apparatus 


may vary. Endings formed by only one nerve fiber occur, but more often several nerve fibers participate in the 
structure of the receptors. 


EXPERIMENTAL RESULTS 


e Studying the experimental material, we found that with the indicated operation, part of the receptors in 
=a any portion of the tunica albuginea of the corpus cavemosa were in a state of degeneration, while part preserved 
all signs of normal structure, This indicated that, in any section of the tunica of the corpus cavernosa, sensory 
nerve fibers whicl: originate in the lumbar, as well as in the sacral spinal ganglion, end, 


Along with the indicated phenomenon, we encountered other facts also, In studying the individual tendinous 
sensory endings which are formed by several myelinated nerve fibers, we found that not all the fibers entering 
the receptor, nor their endings, looked the same, The majority of the nerve fibers approaching the sensory 
apparatus shown in Fig, 1 were in a state of degeneration and only one afferent myelinated fiber remained un- 
injured, Corresponding to this state of the afferent fibers, the overwhelming majority of the terminal ramifications 
of the axons within the ending were completely destroyed and looked like dark lumps and grains, not inter- 
connected and lying in chains or singly. Only a com paratively small portion of the receptor‘s nerve ending 
apparatus preserved its extremely fine fibrillar structure and a clearly evident connection with the only uninjured 
nerve fiber, Taking into account that, in this case, bilateral extirpation of the paravertebral ganglions was 
performed at the level of the five lowest lumbar segments, it can be assumed that the sensory nerve fibers which 
end in this receptor originate both in the spinal ganglions which were extirpated as well as in the sensory ganglions 
which lie at other levels of the spinal cord, ; 


In studying the material of the series of experiments in which the spinal ganglions of the sacral region of 
the spinal column were subjected to bilateral extirpation, a picture similar to the one described above could be 
. observed in some of the tendinous receptors of the tunica albuginea of the corpus cavernosa, In the sensory nerve 
endings which were formed by some myelinated nerve fibers, part of the latter, together with their end ramifications 
suffered degeneration, the rest remained uninjured. Fig. 2 gives an impression of the receptor found in this 
condition, Of the two nerve fibers which participated in the formation of the sensory ending, one is in a state of 
granular degeneration, and its endings have become disconnected dark lumps; the second fiber kept its normal 
structure down to the finest final ramifications, Apparently in this case the changed fiber originated in the spinal 
ganglions of the sacral section of the spinal column, while the intact one, probably, was connected with the 
paravertebral ganglions of higher segments, 


The above data permit the assumption that the axons of several sensory neurons which lie at different levels 
of the spinal column, can end in one sensory nerve ending, 


In other words, these data allow the assumption that the phenomenon of nonsomitic (or plurisomitic) 
origin of sensory innervation can pertain not only to organs, but also to individual receptor apparatuses of the 
latter, 


However, before finally expressing this assumption, it is necessary to decide whether the above picture did 
not arise on the basis of the well known phenomenon of unequal stability of the nerve conductors with respect to 
the action of an injurious agent and whether the unchanged nerve fibers and their terminal ramifications are not 
so-called "mummified" nerve cells, The following two circumstances contraindicate such a possibility. 


In the first place, the investigation of many authors established that "mummification” of nerve fibers usually 
occurs under definite conditions which can be either the action of a coarse injurious agent (in this case "“mummi- 
fication” takes place either in the area of the nerve directly affected by the agent or in the sections of nerve 
fiber closest to it), or the sharp disturbance of the blood supply to the tissues surrounding the injured nerve 
structures [4, 5, 6]. Such circumstances did not occur in the above cases, consequently, there was no reason for the 
phenomena of *mummification" to develop in large numbers, 
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In the second place, the frequent repetition of the above picture and the preservation of their normal 
structure by externally unchanged nerve fibers, down to the finest neurofibrillar ramification in the receptor, 
could hardly occur in the presence of "mummification” or delayed degeneration of the nerve cells , 


And so, if it is assumed that the plurisomitic origin of the innervation of the peripheral receptor apparatuses 
actually does exist, even if only with respect to certain sensory nerve end apparatuses of the tunica albuginea of 
corpus cavernosa at present, what can be the physiological significance of this phenomenon? 


The impulses whicli arise on stimulation of a plurisomitic ending enter different sections of the spinal cord 
simultaneously or almost simultaneously, It is possible that this phenomenon assures the origin here of a wave 
of stimulation of considerable force, which can play a definite role in the course of these or other reflex reactions. 


On the other hand, it can be suggested that the simultaneous entry of impulses into different segments of 
the spinal cord from a single receptor leads to the development of two (or several) reflex reactions which occur at 
the same time due to the action of a single stimulus, 


SUMMARY 


In some receptor terminals of the corpus cavernosa of the penis of dogs, 72 hours after bilaterial extirpation 
of spinal ganglions on the level of the lumbar or sacral segments of spinal cord a part of conductive nervous fibers 
and their terminals regenerates markedly and another part remains intact, 


These phenomena are observed when lumbar ganglions are extirpated, 


The data obtained confirm the fact that in each of the nervous terminals observed the axons of several 
sensory neurons lying on various levels of spinal cord terminate, e.g., pleurisomiticity of innervation sources 
of single peripheral receptor apparatus is observed, 
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The problem of the local effect of blood on the course of the traumatic process remains unsolved, 


The blood, together with the ly mph and tissue fluid, is the internal medium of the organism which washes 
all the cells and tissues of the human body and which has many different functions, Among them, the "defense 
function" of the blood, evident as its bactericidal and phagocytic activity, is of substantial significance . 


The solution of the problem of the degree of bactericidal activity possessed by the various blood components 
has great significance not only in theoretical medicine but also in practice, in particular in connection with the 
local effect of blood and its components on the healing process of infected wounds, 


The purpose of the present work was the study of the effect of local application of blood and its companents 
plasma, serum and erythrocyte suspension, on the healing process of wounds infected with aerobic microorganisms, 


EXPERIMENTAL METHODS 


The experiments were carried out on white mice, guinea pigs and rabbits according to the following method, 
proposed by Professor L. G. Perets. 


A horizontal incision 2 cm in length was made in a shaved section of the skin on the flank of a rabbit or 
guinea pig, a little below the vertebral column, then the skin, together with the subcutaneous tissue, was separated 
from the muscles with a blunt instrument (a spatula), In mice, the subcutaneous pocket was made on the dorsal 
surface in the direction of the occiput. A suspension of microorganisms was introduced into the subcutaneous 
pocket thus formed with a graduated pipette. 


In each series of experiments, one of the following substances was administered to four out of five animals 
40-45 minutes after infection: serum, plasma, erythrocyte suspension and whole blood, The fifth animal served 
as a control—it only received the suspension of microorganisms, 


The greatest number of experiments was set up using hemolytic Staphylococcus aureus as the infecting 
agent. 


In all, 517 animals were used in the experiments: 426 white mice, 60 rabbits, 31 guinea pigs, 


EXPERIMENTAL RESULTS 


The evaluation of the experimental results on the mice was carried out on the basis of the general condition 
and of a count of the number of dead and surviving animals, The results of the experiments on rabbits and guinea 
pigs were evaluated on the basis of : 1) the general condition of the animals, 2) local changes, 3) bacteri- 


= 
Px, 
> 4 
: 
‘ 
is: 
: 
= 
; 
101 


ological investigation of the contents of the subcutaneous pocket, 4) histological investigation, 5) cytological 
investigation of smears, The results of the experiments carried out on 426 mice are presented in Fig. 1. 


Fig. 1. Results of administering whole blood and its components 


during the healing of infected wounds of white mice, 

I) control (infectious agent + physiological solution ); IT) infect- 
ious agent + whole blood; IM) infectious agent + erythrocyte sus- 
pension; IV) infectious agent+plasma; V) infectious agent + 
serum, Lined sector~percent of surviving mice, cross-hatched- 


percentage of mice succumbing. 


As is evident from Fig. 1, when only the suspension of microorganisms was administered into the sub- 
cutaneous pocket of the mice, 70% of the animals died; when whole blood was added, 60% died. When erythrocyte 
suspension was administered into the subcutaneous infected pocket of the mice, 85% of the animals died, The 


best effect was obtained with the administration of serum or plasma: only 15-20% of the animals died, Also, 
the death of the mice occurred later in comparison with the application of whole blood or suspension of erythrocytes. 


In experiments on rabbits and guinea pigs, aside from a record of the general condition and local changes, 
histological examination was carried out of material biopsied from the region of the subcutaneous pocket certain 
intervals of time (24 hours, 3, 7 and 12 days) after the administration of this or that blood component into the 
infected wound, At the same times, bactericlogical investigations were carried out by seeding the contents of 
the wound on a nutritive medium and the smears were investigated by the method of Prof. M. P. Pokrovskaya and 
M. S. Makarov, 


A sharply evident inflammatory focus developed 24 hours after the administration of erythrocyte suspension 
in the subcutaneous infected pocket, Massive infiltration of the tissues by polymorphonuclear leucocytes was 
established on histological examination, 


Muscle fibers were found to be degenerated, falling apart into discs and fragments, When the contents of the 
subcutaneous pocket was seeded on a nutritive medium, hemolytic Staphylococcus aureus grew. Smears from the 
wound showed a predominance of degencrated neutrophils, phagocytosis was incomplete, a great number of 
staphyloccocci were outside the cells. In three days, widespread necrosis of the skin developed in the region of 
the infected subcutaneous pocket and an ulcer formed, On histological examination, inflammation in the tissues 
was observed, accompanied by necrotic changes, Hemolytic Staphylococcus aureus was isolated from the wound. 
The cytological picture in the smears remained unchanged, In seven days, the inflammatory signs increased. 
Accumulations of degenerating neutrophils were found among the erythocytes and fibrin, The muscular fibers 
were found to have degenerated, Hemolytic Staphylococcus aureus was found on seeding. Cytological examin- 
ation indicated the unfavorable course of the wound process~a predominance of neutrophils in a state of de- 
generation, many free-lying staphylococci, absent or incomplete phagocytosis (Fig. 2). 


In 12 days, ulceration was observed in the center of the cutaneous wound, Morphological examination 
showed that the ulcerous surface was covered with detached necrotic masses with a large number of neutrophils. 
The focus of infection was surrounded by a granulated wall, along whose periphery the formation of young fibrous 
tissue could be observed, Metastatic abcesses were near the basic focus, Hemolytic Staphyloccoccus aureus was is 
isolated from the wound, Degenerated neutrophils with incomplete phagocytosis predominated in smears from 
the wound, In addition, isolated phagocytic neutrophils, monocytes, and profibroblasts were present. 


An entirely different course of the wound healing process was observed when serum or plasma was admin- 
istered into the subcutaneous infected pocket. In 24 hours, the inflammatory phenomena were insignificant. 
Liminted infiltration of the dermis by polymorphonuclar leucocytes and detachment of necrotic tissues from the 
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surface bordered by a wall of small round cells, was found on morphological examination, Degenerative changes 
in the muscles were insignificant. Hemolytic Staphylococcus aureus was isolated from the contents of the wound, 
In smears from the wound, neutrophils with active phagocytosis predominated, Neutrophils with incomplete 
phagocytosis were absent, free-lying staphylocci occurred singly. 


Fig. 2, Smear of the contents of the wound Fig. 3, Smear of the contents of the wound 
7 days after the administration of erythocyte 7 days after plasma administration, 
suspension, 


For 3 days, the focus of inflammation remained small in size, Histologically, a zone of young granulation 
tissue, which changed without sharp boundaries into the tissue of a fibrous capsule, was visible around the focus 
of inflammation, Seeding on nutritive medium grew hemolytic Staphyloccus aureus weakly, Cytoscopy uncovered 
in addition to neutrophils with active phagocytosis, basophilic plasmocytes, monocytes and profibroblasts. In 
7 days, detachment of the necrotic masses from the surface was observed, The bottom of the wound was filled 
with mature granulation tissue, rich in collagen fibers ; epithelialization of the wound occurred from the sides, 
Seeding on nutritive media uncovered no microorganisms, A small number of actively phagocytosing neutrophils, 
single monocytes, basophilic plasmocytes, profibroblasts and Metchnikoff's macrophages were observed on cytoscopy 
(Fig. 3). In 12 days, an epithelialized scar formed where the skin defect had been, 


Histological, bacteriological and cytological investigation in experiments with administration of whole blood 
showed that healing of an infected wound occurred with greater difficulty than when plasma and semmm were ad- 
ministered, but more favorably than when erythrocyte suspension was administered, 


The general condition of the animals in the experiments with the administration of plasma and serum was 
good throughout the days of observation. A slightly depressed condition and a slight weight decrease were noted 
in animals in experiments with the administration of whole blood. Among the control animals and especially in 
experiments with the administration of erythrocyte suspension, the general condition was characterized by lassitude, 
anorexia, and considerable weight loss, 


a Thus, the experiments which were carried out on the local effect of blood and its components on the healing ; 
4 of experimental freshly-infected wounds showed that serum and plasma give the best effect. A 


The disappearance of microorganisms from the wound, active phagocytosis and the early organization of 
the focus of inflammation, noted from the first days when plasma and serum were administered, indicate the 23 
increased reactivity of the injured tissues in the animal's organism, This can be explained by the following. 


It is known, that immunobiological components of plasma and serum: normal antibodies, complement, 
properdin, @nzymes and hormones - determine bactericidal action. In addition, possessing certain physico-chem- 
ical properties, serum and plasma create a favorable medium for the cells which participate in regeneration and 
phagocytosis, 
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* All this facilitates the increased resistance of the tissues to the infectious agent and more rapid healing 
of the wound, ; 
Local application of serum and blood plasma speeds the healing of experimental decreased inflammation, bo 
activation of phagocytosis with freshly-infected wounds, which is evidenced as the simultaneous disappearance Roy 
of microorganisms from the wound and shortening of the regeneration times, Erythrocyte suspension, a good i 
: nutritive medium for microorganisms, deteriorates the course of the healing process, which is accompanied by cS 
a sharply evidenced destructive processes in the tissues, the suppression of phagocytosis and the presence of a large _ 4 
number of microorganisms in the wound, 
The data obtained in the experiment substantiate the advisability of local administration of serum and m4 


blood plasma in the form of irrigationof bandaging during the initial treatment of freshly-infected wounds when 
a suture cannot be applied, 


SUMMARY 


. The influence of local application of blood and its components (serum, plasma, erythrocyte suspension) 
@ on the healing of wounds infected by aerobic microbes was studied, 


Experiments on rabbits, guinea-pigs and white mice have shown that local application of serum and blood 
plasma accelerates the healing of experimental fresh-infected wounds and injection of erythrocyte suspension 


\ aggravates the wound process and delays regeneration, 4 
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CHANGES IN SYNAPTIC FORMATIONS IN INTOXICATION BY OCCUPATIONAL 


POISONS 


M. S. Tolgskaya 


From the Laboratory of Pathological Anatomy (Head~Professor P, P. Dvizhkov) of the Institute of Industrial 
Hygeience and Occupational Diseases (Director-Active Member of the Academy of Medical Sciences of 
the USSR, Professor A, A, Letavet) of the Academy of Medical Sciences of the USSR, Moscow 


(Received May 18, 1956, Submitted by Active Member of the Academy of Medical Sciences of 
the USSR,A. A. Letavet) 


The present work is devoted to the study of the changes in the axomatic interneuronal connections of the 
efferent neurons of the cortex and motor neurons of the ventral horns of the spinal cord in the presence of poisoning 
by some occupational poisons, 


Much work of Russian authors has been devoted to the study of the synaptic architectonics of the axomatic 
interneuronal connections( V, M. Bekhterev, S. A. Sukhanov, V, A, Bets[1], N. M. Yakubovich, B, L Lavrentyev 
(5, 6, 7] A. D. Zurabashvili [4]). The investigation of the axomatic synapses on sectioned material present great 
difficulties, since the synapses undergo postmortem changes very quickly, It is known from the work of B, L Lav- 
rentyev [5, 6, 7] that the synapses of the axo-synaptic connections appear at late stages of phylo- and ontogenesis 
and gradually grow more complicated, It has been proved that the axomatic synapses or end-feet (boutons terminaux) 
on the body of the neuron are the ends of one or several axons and change when the latter are cut, and degeneration 
of the ond of the corresponding axon extends to the synapses but does not extend to the neuron which is innervated 
by these endings. 


Usually the cell body and its dendrites are covered extensively with synaptic end-feetor buttons. In addition 
transient synapses exist in the form of thin, so-called transit fibrils which pass over the body of the neuron and do 
not adjoin it. 


The histological pathology of the axomatic synapses was studied by B, I, Lavrentyev, L, L Smirnov, A. D, 
Zurabashvili [4, 5, 6, 7, 9, 10], who came to the conclusion that the synapses are the most easily wounded and 
most vulnerable part of the neuron, L, L Smirnov described a number of pathological changes in the synapses: 
wrinkling of the end-feetswelling of the end fibers and the presence of sranules of argentovhilic disintegration in 
the pericellular interstices, loffe and Dzhibson authors cited according to A, L. Shabadash [12]) describe 
5 stages in the degeneration of the synapses: elongation, swelling, elongation of the end-feet and their dark 
discoloration, degeneration of the end-feet into granules and their disappearance, 


At the present time a number of clinical data exist [2] which indicate that functional changes in the nervous 
system in the form of an asthenic state occurs at the initial stages of lead and arsenic poisoning. Indications [3] 
also exist regarding the slight decreases in sensitivity during the initial stages of the above poisonings, which 
disappear with the administration of prozerine,, which acts on the synaptic connections, 


Based on the above, we undertook the study of the changes on the synaptic axomatic connections between 
the efferent ueurons of the brain cortex and the motor neurons of the ventral horns of the spinal cord during occu- 
pational poisoning. 
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EXPERIMENTAL METHODS 


Experiments were carried out on 34 animals (18 rats, 4 dogs and 12 rabbits), which were subjected to 
short and long-term intexication with aniline (subcutaneously in doses from 0,003 to 0.9 g per 1 kg of weight) 
(14 animals), lead acetate (subcutaneously in doses from 0,03 to 0,04 g per 1 kg of weight and by mouth in 
doses from 0,007 to 0,008 g per 1 kg of weight) and sodium arsenite (subcutaneously in doses from 0.0004 to 
0.012 g per 1 kg of weight), The duration of the short experiment was from 5 to 10 days, of the long 
1-3 months, The brains of healthy animals, which lived under the same conditions as the experimental ones, 
served as the controls. The brain was prepared by the methods of Gliss, Niss] and Ramon y Cajal, 


EXPERIMENTAL RESULTS 


In studying the spinal cord of the control animals, it was observed that the motor cells of the ventral 
horns of the spinal cord were surrounded by a pericellular plexus whose terminal fibers ended on the body of the 
neurons as multitudinous loops, rings, or buttons (Fig, 1), There were considerably fewer synaptic end-feet 
around the efferent neurons of the cortex than around the motor neurons of the spinal cord (as is known, other 
synaptic connections predominate in the cortex~the axodendritic ones), 


The changes which arose in the synaptic formations of the axomatic interneuronal connections of the 
efferent neurons of the cortex and motor neurons of the spinal cord were of one type and similar to each other 
in all the above intoxications (aniline, etc,), This gave us a basis for summarazing the materials obtained, 


The changes which arose in the synaptic axomatic connections during long-and short-term lead, aniline 
and arsenic poisoning did not represent anything specific for these poisonings and were similar to the changes 
described for various other injurious influences on the organism, 
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Fig. 1, Multitudinous end-feet on the body of a Fig. 2. Long-term arseaic poisoning of a rabbit. 


motor neuron from the spinal cord of a rabbit, 
(Prepared according to Ramon y Cajal), 


In long-term intoxication with verysmall, grad- 
ually increasing doses of lead, arsenic and aniline, 
swelling, club-shaped bulging and darkening of the 


The marked thickening and overimpregnation of the 
end-feet, their scaling from the body of the motor 
neuron from the spinal cord and granular degeneration 
are evident in the illustration, (Prepared according 
to Ramon y Cajal), 


end-feet and their separation from the cell body were noted [Fig. 2]. Some of the end-feet moved away from 
the cell body, became deformed and thickened, while others continued to keep their normal structure, This, 
apparently, is explained by the fact that the synaptic formations of the body of one neuron can belong to the 
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axon endings of several different neurons, It was always 
possible to find neurons with normal synaptic formations 
next to a neuron with changed synaptic formations, No 
changes were found in the neurons with Nissl’s stain, 


Changes similar to the above were not found a- 
mong animals of the same group which were killed 1-2 
months after the poisoning ended, This gave us the basis 
for the conclusion that the above changes are reversible 
and serve as a manifestation of the initial, reversible 
reaction of the nervous system, These changes were 
found before the changes which originated in the body 
of the neurons, Apparently, the synapses of the neurons, 
which are very fine formations, are very sensitive and 
are the first to react to various poisonings, 


In more prolonged and more evident chronic 
Fig. 3, Long-term lead poisoning of a rabbit. Granular poisoning by the same toxic substances, we observed 
degeneration and lysis of the end-feet, coarsening of acute degenerative changes in the synaptic formations, 
the preterminal fibrils around the motor neuron from degenemtion of the synaptic end-feet into grains or 
the spinal cord are visible in the illustration, (Pre- their complete lysis Fig. 3. When Nissl’s stain was 
pared according to Ramon y Cajal). used, considerable dystrophic processes were observed 
in the body of the neurons in these cases, 


In short-term poisoning by the above substances, marked changes were observed in the synaptic axomatic 
formations; the end-feet scaled off and partially dissolved; a great number of neurons with changed synapses 
was observed, although the destruction of the synapses around the individual neurons was not as great as in 
long-term poisoning. Markedly evident vascular disturbances with perivascular and pericellular edema and 
acute swelling of the protoplasm of many neurons was found in these cases with Nissl’s stain, Apparently, as a 
result of the great sensitivity of the synaptic formations, the synapses between the individual neurons reacted 
very quickly, before the neurons. 


SUMMARY 


Changes in synaptical axomatic junctions in the efferent neurons of the cerebral cortex and in the motor 
neurons of the ventral horns of the spinal cord were studied on 34 animals exposed to acute and chronic intoxi- 
cation with aniline, lead and arsenic, The study showed synaptic formations to possess high sensibility and to 
respond to the small doses of toxic ggents earlier than do nervous cells, Small doses of the mentioned toxi¢ 
agents bring about such initial reversible changes in synaptic formations as superimpregnation and club-like 
thickening of the synaptic rings along with their shifting from the body of the nervous cell, In the case of ex- 
pressed chronic or heavy acute intoxication, destructive changes take place, e.g., degeneration of synaptic 
end-feet to clubs, or their complete dissolution, 


* In Russian, 
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THE FUNCTIONAL CHARACTERISTICS OF THE MYELINATED FIBERS OF THE 
SPLANCHNIC NERVES 


A. S. Gusev 


From the Chair of Normal Anatomy (Head— Corresponding Member of the Academy of Medical Sciences 
of the USSR, Professor B. A, Dolgo-Saburov) and of Normal Physiology (Head— Professor I, T, Kurtsin) of 
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(Received March 16, 1956, Submitted by Active Member of the Academy of Medical 
Sciences of the USSR,V. N. Chernigovsky) 


The splanchnic nerves, which belong among the basic paths of the afferent and efferent innervation of 
the abdominal organs, have long attracted the attention of investigators, Not a few papers have been devoted 
to their macroscopic structure, During the last 50 years, many investigations have been carried out which were 
devoted to the microscopical and functional characteristics of these nerves, An extensive literature has ac- 
cumulated on these problems, However, many problems still remain unclear, unsolved regarding the morpho- 
logical and physiological significance of these important paths of innervation of the abdominal organs, 


Myelinated and amyelinated fibers occur in the splanchnic nerves, It is considered that the amyelinated 
fibers are postganglionic sympathetic ones, although the possibility is not excluded that there are afferent fibers 
among them since a large number of amyelinated fibers occur in the dorsal horns of the spinal cord, 


The myelinated fibers of the splanchnic nerves can be divided into two basic groups; the large (diameter 
8-15) and small (diameter 3-5) ones, Fibers with a diameter of 5-8 pu are rare; they need not be put in a 
separate group, 


There is no consensus among investigators regarding the functional assignment of these fibers, which 
differ in their structure, W, Gaskell [10] assigned the fine myelinated fibers to the preganglionic sympathetic, 
the thick ones to the efferent fibers, F, Edgeworth [9], studying serial sections of the peripheral sympathetic 
trunk and connecting branches, showed that the large myelinated fibers in the peripheral branches of the sym-~ 
pathetic nervous system belong to the dorsal horns, He confirmed his data by experiments on animals with 
stimulation of the dorsal horns and stripping of the spinal ganglions, after which he discovered degeneration of 
the thick myelinated fibers in the peripheral sympathetic trunk, V. M, Godinov [1], studying the origins of the 
afferent innervation of the portal vein, reached the conclusion that, in addition to the thick fibers, part of the 
small myelinated fibers of the splanchnic nerves are afferent, He called them * vascular receptor fibers,” 


Thus, some investigators assign the fine myelinated fibers in the peripheral sympathetic trunk and its 
visceral branches to the preganglionic sympathetic ones, others consider that there are afferent fibers among 
them along with sympathetic ones, Both groups of authors do not have the facts which would directly prove 
the correctess of their statements, 


The physiological characteristics of the splanchnic nerve fibers are considerably more varied than the 
morphological ones, The efferent impulses which cause the contraction and relaxation of the intestines [7] 
vasomotor [11] and afferent impulses travel along the splanchnic nerves, O, Foerster, H, Altenburger and T, 
Kroll [9] consider that the majority of the afferent impulses from the viscera travel along the splanchnic and 
cardiac nerves, The splanchnic nerve, according to them, is basically the sensory nerve of the abdominal] 
organs. 
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‘- V, E, Delov, P, A. Kiselev, M, A, Adamovich and O, M, Zamyatina [3] investigated the afferent im- 
4 : pulses of the splanchnic nerves, In experiments with transsection of the splanchnic nerves of a cat, these in- 
- i vestigators registered, on a cathode oscillograph, the afferent potentials from their peripheral ends, They suc- 
P ceeded in establishing that, in fasting animals, both group as well as intergroup potentials were absent in the 
=. splanchnic nerve; on the contrary, the fuller the stomach and intestines were, the stronger were both types of 


potentials, 


4 It has been shown experimentally that the afferent impulses from the abdominal organs, most of which 
a travel through the splanchnic nerves, have an effect on the functioning of all levels of the central nervous sys- 


tem, up to the cerebral cortex [ 4, 5,6]. 


1. T, Kurtsin [4] established that mechanical stimulation of the gastric mucosa caused a stream of nerve 
impulses which were transferred by afferent pathways to the higher sections of the central nervous system and 
ql sharply changed the course of the cortical processes, At the same time, inhibition of conditioned reflex activity 
, is observed, B, V. Pavlov [5] showed on dogs that unilateral transsection of the greater and lesser splanchnic 
nerves leads to a decrease in conditioned and unconditioned reflexes. He observed a strengthening of the stim- 
ulant and weakening of the inhibitory processes, 


The problem of the present investigation was to show the reaction of the respiration and blood pressure 
to stimulation of the de-e fferented and de-afferented greater splanchnic nerves and to find out which myelinated 
+] fibers of the splanchnic nerves are afferent and which ones efferent, 


EXPERIMENTAL METHODS 


The investigation was carried out on 10 cats, Four of them served as controls, while 3 series of opera- 
tions were carried out on the remainder— 2 animals in each scries, 


As is known [2], the greater splanchinic nerve receives preganglionic sympathetic fibers from the T,-» 
segments of the spinal cord, and its afferent fibers from the 5— 11 thoracic paravertebral ganglions, Based on 
this, we disconnected the preganglionic sympathetic fibers of the left greater splanchnic nerves of 2 cats by 
cutting the 5— 12 ventral horns in the left thoracic section, In 2 cats, the 5— 11 thoracic paravertebral ganglions 
on the left side were removed (deafferentation of the greater splanchnic nerves), In 2 more animals, the 5— 11 
dorsal roots were cut in the thoracic section on the left side and in the same way, the connection between the 
afferent fibers of the greater splanchnic nerves and the spinal cord was destroyed, The operations were carried 
out under hexanal narcosis, After the operations, the animals lived 3—4 months, Then, under hexanal narcosis, 
their splanchnic nerves were dissected out, placed on electrodes and stimulated by a faradic current, The res- 
piration (the T-piece was tied into the trachea) and the blood pressure (the cannula was tied into the common 
carotid artery) were recorded on the sooty ribbon of a kymograph with Marey‘s capsule. 


Then the animals were killed, pieces of the splanchnic nerves were prepared by Pal-Weigert’s method, 


EXPERIMENTAL RESULTS 


Clearly evident changes in the number and quality of myelinated fibers were found in cross sections of 
the greater splanchnic nerves on the left side of the experimental animals, The greater splanchnic nerve of 
the control cats had a unifascicled structure in the majority of cases, Among its myelinated fibers, the thin ones 
with a diameter of 5 uw predominated, their average number was 2700( Fig. 1a}. Along with them, many large 
myelinated fibers were found in the greater splanchnic nerve, an average of 230 (130-400), The total number 
of inyelinated fibers was from 2300 to 4100, averaging 2950. 


An absence of the large and medium myelinated fibers was noted in the greater splanchnic nerves on the 
left side of the deafferented cats, the number of small myelinated fibers decreased to 1400( Fig. 1b). 1f extirpa- 
tion of the spinal ganglions is assumed to lead to the destruction of only the sensory fibers, it can be concluded 
that all the large and medium myelinated fibers and approximately half of the small myelinated fibers are 
afferent fibers in the greater splanchnic nerves, 


Among the animals whose ventral horns were cut, the total number of myelinated fibers decreased to 
1350 in the greater splanchnic nerves, The decrease in their number occurred at the expense of the small my- 
elinated fibers, If their number among the control animals was 2700, then in this case it was only 1200( Fig, 1c). 
Thus, only the small myelinated fibers should be related to the preganglionic sympathetic fibers of the splanchnic 
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Fig. 1, Cross sections of the greater splanchnic nerve, 

a) control cat; b) the nerve deprived of its afferent paths 
(large myelinated fibers are absent); c) the nerve, de- 
prived of its preganglionic sympathetic fibers (Pal-Weigert's 
stain), 


nerves; they consist of slightly more than half of all the fibers with a diamter up to 54, The number and nature 
of the myelinated fibers in the greater splanchnic nerves of cats whose dorsal horns were cut did not differ in 
any way from the architectonics of the splanchnic nerves of the control animals, This is explained by the fact 
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that cutting the central process of a pseudounipolar cell of the spinal ganglion does not lead to the destruction 
of its peripheral process, although, from the point of view of function, here also there can be discussion of the 
deafferentation of the splanchnic nerve, since there is no connection between its sensory fibers and the spinal 
cord, 


Fig. 2, Kymogram of the respiration and blood pres- 
sure when the greater splanchnic nerve is stimulated, 
a) control cat; b) the same with a deafferented nerve, 


: The above morphological differences among the greater splanchnic nerves of the experimental animals 
found their confirmation in their different functional characteristics; a different reaction of the blood pressure 
a and respiration was found for each group of experimental and control animals caused by the splanchnic nerves, 
iz When the splanchnic nerves of the control animals were stimulated witha faradic current (Fig. 2a), a rise in the 
: x blood pressure, a deepening and increased frequency of the respiration was noted, Among the experimental 
animals with deafferented greater splanchnic nerves a rise in the blood pressure was noted and the respiratory re- 
action was absent(Fig. 2b). A similar picture could be observed also when the greater splanchnic nerves were 
stimulated on the left side of the cats, whose dorsal horns of the spinal cord were cut, — only their blood pressure 
reacted also, 


The record of the respiration and blood pressure of the cats whose greater splanchnic nerves were deprived 
of the preganglionic sympathetic fibers had a different nature, As is evident in Fig, 3a, in this case a deepening 
and increased frequency of the respiration and a small rise in the blood pressure, in comparison with the blood 
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Fig. 3. Kymogram of respiration and blood pressure, 
a) with a deafferented greater splanchnic nerve; b) the 
same nerve on the right side of the same cat, 


pressure when the right greater splanchnic nerve of the same cat was stimulated, occurred (Fig. 3b). 


Experiments with stimulation of the splanchnic nerves showed that they consisted of efferent fibers only 
in one case (in those cases when the respiratory reaction was not observed), in the other case —of afferent ones 
with postganglionic sympathetic fibers; the presence of the latter caused the small rise in blood pressure (see 
Fig. 3a), 
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Thus, experiments with deafferentation and deefferentation proved that the greater splanchnic nerves 
are inixed; that aii the large, medium and about half of the small myelinated fibers in them are sensory; the 
rest of the small myelinated fibers are preganglionic sympathetic ones, One can suppose that in the rest of 


the peripheral ramifications of the sympathetic nervous system also, the myelinated fibers are distributed by 
function in a similar manner, 


SUMMARY 


It is experimentally proved that all the large and middle medullated fibers, as well as about a half of the 
find medullated fibers belong to the afferent fibers of nervi splanchnici majores, To the efferent fibers of nervi 
splanchnici majores belong about a half of the fine medullated fibers contained in these nerves, 


Stimulation of nervi splanchnici majores, devoid of the preganglionic fibers, with the faradic current 
brings about a deepening of the respiration and an increase of its rate, as well as a small elevation of the blood 
pressure owing to the presence of the postganglionic sympathetic fibers, Stimulation of the deafferented nervi 
splanchnici majores brings about an elevation of the blood pressure and does not affect respiration, 
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M ORPHOLOGICAL CHANGES IN THE NERVE CELLS OF THE SKIN ON 
IMMUNIZATION WITH LIVE TULAREMIA VACCINE 
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(Director— Docent G, M, Starikov) 


(Received July 9, 1956, Submitted by Academician A, D, Speransky) 


Clarification of the role of the nervous system in the processes of infection and immunitys attracting the 
attention of microbiologists and immunologists at present, Morphological methods of investigation have not yet 
been applied sufficiently to the study of this problem, The morphological changes in the nerve cells with the 
administration of various bacterial preparations were studied by E, A, Kirilov [1]. He also investigated the mor- 
phological changes in the nerve cells when live smallpox vaccine is administered, A, S, Sheveley and M, N, 
Prudnikova showed (1954) that when a vaccine strain of tularemia bacteria is administered.in different sections 
of the same tissue (skin, subcutaneous tissue), different immunizing effects are obtained, Thus, when the antigen 
was administered intracutaneously, the highest titer of specific agglutinins was obtained when the immunization 
was made in the skin of the nose, the lowest when in the skin of the abodmen, 


The purpose of the present work consisted of the study of the morphological reaction of the nerve cells 
of the skin to immunization with live tularemia vaccine, 


EXPERIMENTAL METHODS 


Desiccated tularemia vaccine from the N. F, Gamaleya Institute of Experimental Medicine of the Academy 
of Medical Sciences of the USSR (series 63, control number 310) was administered to 16 guinea pigs intracutan- 
eously—simultaneously into the abdominal skin and the skin of the tip of the nose, using 0,1 ml of vaccine each 
(6.75 of a human dose), Nine control guinea pigs were administered 0,1 ml each of a saccharose-gelatin solu- 
tion in which tularemia vaccine is usually desiccated into the same areas of the skin, The animals were killed 
in 1hour, 7 hours, 24 hours and also.in 2, 5, 9, 16, 22, 30 and 46 days after vaccine administration, Pieces of 
skin were cut from each guinea pig in the area of the injection together with the underlying subcutaneous tissue 
and muscle and fixed with 20% neutral formalin, Staining was carried out according to Gross-Bielschowsky as 
modified by B, I, Lavrentyev with subsequent supplementary staining with carmine, 


EXPERIMENTAL RESULTS 


Clear changes were not observed on macroscopic investigation of areas of the skin where the vaccine 
was administered 1 hour and 7 hours after vaccination, In 24 hours, infiltration and redness 0.5 x 0.5 cm in 
diameter were observed at the place of administration into the abdominal skin; at the place of vaccine injection 
into the nasal skin, limited edema and compression were noted. In 48 hours approximately the same picture was 
observed, On the 5th day, the infiltration in the abdominal skin increased to a size of 1 x 1 cm, but hyperemia 
was no longer observed; at the place of injection into the nasal skin, the formation of a scab was noted, limited 
edema and compression of the tissue, On the 9th day, the intensity of the infiltration in both areas of skin was 
approximately the same as on the 5th day, a scab was evident on the nasal skin, and an area of necrosis appeared 
in the center of the infiltration in the abdominal skin, On the 16th day, a definite decrease in the local reaction 
was noted, a dot of defective tissue was visible in the center of a small infiltration, Beginning on the 22nd day 
after vaccination, clearly evident changes at the place of vaccine administration could not be found, 
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Histological changes in the local tissue elements were already visible one hour after vaccine administra~- 
tion, At this time, clear exudation and infiltration was observed, primarily around the blood vessels. These 
phenomena were most evident in the abdominal skin, The blood vessels were enlarged, hyperemic, The ex- 
udate consisted principally of polymorphonuclears and extended deep into the connective tissue and muscles 
(In guinea pigs, the layer of true skin is very thin on the tip of the nose and muscle fibers penetrate the skin, 
almost under the epidermis itself), At this stage, the emigration of leucocytes through the capillary walls could 
be seen, Later, the inflammatory reaction progressed and in 7 hours the exudative reaction increased, taking 
on a primarily diffuse nature, In places, the exodus of polymorphonuclears was so great that small abscesses, 
consisting primarily of polymorphonuclears, developed in some areas of the nasal skin, Along with the phenomena 
of exudation, diffuse reaction of the connective tissue was already observed at this stage, evidenced as a multi- 
plication of the cells, primarily of the histocytes, The infiltration was more evident in the abdominal skin, In 
24 hours the above phenomena increased, The diffuse reaction of the connective tissue increased, Definite 
edema of the tissues was observed, Degenerative changes in the epidermis appeared, The infiltration, which 
was located primarily in the papillary layer of the skin, even extended into the underlying tissues (subcutaneous 
tissue, muscles), 


In 48 hours, the microscopical changes were approximately the same as after 24 hours, Powerful diffuse 
infiltration, extending into the underlying tissues, was under the epidermis, The infiltration consisted of poly- 
morphonuclears with an admixture of plasma and lymphoid cells, In the vicinity, there was edema and a histo- 
cytic reaction, In 5 days, a powerful infiltration of approximately the same composition as after 2 days was 
found at the place the vaccine was administered, only the relative number of plasma and lymphoid cells in- 
creased somewhat, Diffuse leucocytic infiltration was visible under the necrotic epidermis diffuse histocytic re- 
action increased with the distance from the epidermis. 


On the 9th day, the vascular reaction and exudation became quiescent and the proliferative changes 
began to predominate, evidenced as the formation of specific granulation tissue, distributed either diffusely or 
in the form of nodes of epithelial cells primarily with an admixture of plasma and lumphoid cells, as well as 
polymorphonuclears, Among these cells, in places single giant cells of oval or disc shape with many nuclei, 
located primarily at the periphery of the cell, were found, At this stage a pustulous area was visible in one of 
the guinea pigs, which was surrounded by a strong wall of proliferating connective tissue cells, On the 16th 
day, a predominance of the productive reaction was observed, The number of leucocytes sharply decreased, 
Spindle-shaped connective tissue cells predominated in the infiltrate, Diffuse infiltration of epithelioid cells could 
be seen, node-like in nature in places, with an admixture of occasional multinuclear giant cells, 


On the 22nd day, the young granulation tissue decreased sharply in volume, Edema of the tissues was 
still clearly evident, In places, granulomas were evident, in some of which the initial phenomena of fibrosis 
were observed, In 30-46 days after vaccination, the changes were approximately the same, In 46 days, only 
individual granulomas remained, around which evident fibrosis was observed, 


The results we obtained confirmed the data of other investigators [3] according to whom the morpho- 
logical reaction to immunization with live tularemia vaccine does not differ in essence from the reaction ob- 
served on administration of a virulent strain of tularemia bacteria, 


We note that the intensity of the inflammatory reaction in the nasal skin was approximately the same as 
in the abdominal skin in most cases, but at earlier stages the inflammatory reaction in the abdominal skin was 
more evident, 


Changes in the nerve cells of the skin were already observed 1 hour after vaccine administration; a clearly 
evident coarseness of the nerve fibers could be observed, their argentaffinity and also edema of the perineural 
investments of the large nerve fasciculi (Fig, 1), In 7 hours the phenomena of irritated cutaneous nerve cells 


increased, Nerve fibers with beaded thickenings were visible, At the ends of the nerve fibers, leakage of neuro- 
plasma appeared in the form of bulbous extrusions, Enlarged Schwann nuclei, spherical in form, occurred in the 
sheaths of some of the nerve fibers, In 24 hours, along with the phenomena of the irritated nerve fibers (coarse- 
ness of contours, argentaffinity, uneven extrusions) degenerative changes in individual nerve cells first appeared, 


characterized by their fragmentation, These changes were only observed in the nerve fibers of the nasal skin, 

At this stage, it was possible to see the penetration of polymorphonuclear leucocytes into the sheaths of the 

nerve fascicles, A similar picture was observed in the period between the second and fifth days, Coarse irritated 
nerve fibers were observed in the abdominal! skin as well as in the nasal skin, Degenerative changes of occasional 
nerve fibers were observed primarily under the epithelium, In the nerve preterminals and terminals, which end 
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at the muscles, only phenomena of irritation were observed (argentaffinity, coarse contours Jeakage of neuro- 
plams), Changes in the nerve fibers, as at the earlier stages, were noted, as a rule, not in the Zone of infiltra- 


tion, but at a certain distance from it, 


Fig. 1, Edema of the perineural sheath of a large 
nerve fascicle, The skin of the tip of the nose 

1 hour after vaccine administration, Microphoto- 
graph: Magnification-ocular 8, objective 20, 


Fig, 2, Fragmentation of nerve fibers of the root 

sheath of a hair, Skin of the tip of the nose on the 
2nd day after vaccine administration, Micro- 

photograph: Magnification-ocular 7, objective 20, 


By the 9th day, the number of irritated nerve cells 
increased somewhat; degenerative changes were still 
evident in an insignificant number of nerve fibers, On 
the 16th day, the intensity of these phenomena increased 
sharply, The percentage of affected nerve cells also 
increased, These changes were observed primarily at 
the place where the vaccine was injected into the nasal 
skin, 


The degenerative changes in the nerve cells of the 
skin reached maximum development on the 22nd day 
after vaccination (Fig, 2), At this stage, the number of 
irritated preterminals and terminals inthe muscles in- 
creased, The absence of degenerative changes in the 
motor nerve fibers in the muscles, while acute degenera- 
tive changes took place in the sensory nerve fibers loca- 
ted along the epidermis and hair follicles, and also in 
the neural apparatus of the sinuous hairs on the tip of the 
nose drew attention, as at the earlier stages, Some nerve 
fascicles and fibers were found to be completely de- 
generated, with granular degeneration, The degenera- 
tive changes were especially acute in the nervous appara- 
tus of the sinuous hairs, The changes in the nerve cells 
were also most clear at this stage in the nasal skin, 


On the 30-46th day after vaccination, the degree 
of affection of the nerve cells decreased noticeably. 
Degenerative changes were found considerably less often 
and were primarily evident in the bulbs of the sinuous 
hairs, 


Cutaneous pathological! histological changes were 
considerably less evident among the control animals 
who were administered saccharose-gelatin solution than 
among the vaccinated guinea pigs, Diffuse leucocytic 
infiltration, accompanied by a weak connective tissue 
reaction, was noted 1-7 hours after injection, Later, 
however, the infiltration was considerably less evident 
than among the experimental animals, and on the 5-9th 
day and later, predominance of a weak histocytic re- 
action and edema of the tissues were observed, On the 
30th day, weak fibrosis was noted, The formation of 
specific granulation tissue was not observed, Changes in 
the nerve cells were also considerably less evident than 
among the vaccinated guinea pigs and consisted pri- 
marily of irritation of the nerve fibers and their termi- 


nals, The most intensive changes in the nerve cells took place on the 9-16th day after injection, Consequently, 
the exudative-proliferative changes, as well as the changes in the nerve cells of the skin were considerably less 
evident in the control guinea pigs and reached their maximum development before the vaccinated animals, 


Some peculiarities of the reaction of the cutaneous nerve cells on immunization of the guinea pigs with 
live tularemia vaccine drew attention, First of all, predominantly, affection of the sensory nerve fibers and 
their terminals was observed, Changes in the motor nerve fibers which ended in the muscles, were evident 
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primarily as phenomena of irritation, not degeneration, Another peculiarity consisted of the fact that changes 
in the nerve cells were usually found not in the mass of exudate (granulation tissue, scar), but at a certain dis~ 
tance fromit, This was evident at various stages in the vaccination process, but was especially clearly evident 
during the first 5 days after vaccination, 


The changes in the nerve cells were most evident in the nasal skin both at the earlier and later stages 
in the vaccination process, These changes were observed less frequently in the abdominal skin and were less 
clearly evident, In addition, the inflammatory reaction in the nasal skin was more intensive than in the abdo- 
minal skin, On the contrary, in a number of cases the inflammatory process proceeded more violently in the 
abdominal skin, Consequently, the more evident immunological effectiveness of immunizing guinea pigs in 
the nasal skin in comparison with their immunization in the abdominal skin can be connected with the more 
evident reaction of the nerve cells of the nasal skin to the administration of tularemia bacteria, 


SUMMARY 


We have described dynamics of changes in nerve cells of the skin and reaction of connective tissue in the 
case of injection of living tulamia vaccine to guinea pigs into the skin of their nose tip and abdomen, 


Better defined lesions in nervous elements have been observed not in the zone of infiltration but at a 
certain distance, For the most part sensory nervous fibers are affected, Changes in the nerve cells of the skin 
are seen more in the nose tip area than in the skin of abdomen, though the inflammation reaction in the first 
case is not more intensive than in the latter, Immunological aspects of the results obtained are being discussed, 
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ON THE PROBLEM OF THE EXCRETORY FUNCTION OF THE PLACENTAL 
EPITHELIUM 


M. Ya. Subbotin 


From the Chair of Histology and Embryology (Head—M, Ya, Subbotin) of the Novosibirsk Medical 
Institute 


(Received March 12, 1956, Submitted by Active Member of the Academy of Medical 
Sciences of the USSR,V, N, Ternovsky) 


The problem of the excretory paths of the embryo’s metabolic products, as also the problem of the role 
of the placental epithelium in this process, has not been decided finally until the present time, The experiments 
of A, Gusserow [3] and the observations of other authors [2] indicated the participation of the Wolffian bodies 
in the excretory process, On the other hand, quite conclusive data in favor of the acknowledgment of the func- 
tion of the placenta as the basic excretory organ were obtained on administering various substances into the 
blood of the embryo [4,5], The authors invariably found true solutions of dyes injected into the blood of the 
embryo in the blood of the mother, A substantial insufficiency of these works is, however, the fact that the 
dye can only be compared approximately with the excretory products of the embryo, The authors also do not 
indicate in which exact sections of the placenta the excretion of dye occurred, 


We undertook an attempt to determine histochemically a basic excretory product— urea— in the tissues 
of the placenta and embryo, along with the excretory paths of the dye, 


EXPERIMENTAL METHODS 


The experiments were carried out on rodents~ rabbits and white rats which have the same hemochorial 
type of placentation as man, In distinction to man, a labyrinthine,not a villous, placenta is formed in rodents, 
At the same time, the extraplacental trophoblast of the rat completely,and of the rabbit almost complete ly,dis- 
integrates andis replaced by yolk-sac entoderm, Thus, a smooth chorion is absent in the rat, in place of which 
a yolk-sac placenta is formed, In the rabbit, a small area of extraplacental trophoblast is preserved in the 
periplacental area. In the allantoic placenta of rodents, the mother’s blood washes the cytotrophoblast and 
chorionic syncytium (syncytiotrophoblast), The yolk-sac epithelium touches the maternal tissues in the region 
of the antimesometrial folds. In rabbits, in addition, the cytotrophoblast and giant, usually spherical, syncytio- 
trophoblasts touch the maternal mucosa in the narrow periplacental zone, 


In the first series of experiments, we studied:the distribution of a dye administered into the blood of the 
embryo, in the placental epithelium of the rabbit at: various stages of pregnancy, but always after the allantoic 
and yolk-sac placentas had formed, The dye was a: 1% solution of indigo carmine injected into the tissues of 
the embryo;immediately after,the animal was killed and the uterus opened, while the connection between the 
placenta and uterus still remained, A number of other experiments were set up on embryos rameved 'fram the 
uterus and surviving (L. L. Vannikov's method), In all the experiments, the embryonic membranes.and ‘the 
embryo's kidneys were fixed in absolute alcohol 20 minutes after injection of the dye, 


EXPERIMENTAL RESULTS 


The results of all the experiments at all the stages of prenancy studied proved 'to be the same, so we are 
summarizing them, 
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In the allantoic placenta of the rabbit, very fine granules of dye were found only in the chorionic syncytio- 
trophoblast, Indigo carmine provedto be equally distributed throughout the cytoplasm of the synctiotrophoblast, but 
sometimes sinall accumulations of dye granules could be found in the upper layer, which is washed by the maternal 
blood, All the above pertains to the central lobes of the placentas; on the periphery of the placentas, where thei~ 
are no embryonic blood vessels, the dye was not found, In no case did we succeed in observing granules of indigo 
carmine in the cellular trophoblast, 


In the periplacental trophoblast, there was considerably less indigo carmine, Dust-like granules of indigo 
carimine appeared in very insignificant numbers in the spherical syneytiotrophoblasts, The deposition of dye was 
so insignificant, that it is difficult to discuss its excretion by the periplacental trophoblast. Keeping in mind the 
tremendous resorptive power of the preiplacental syncytiotrophoblasts, it can be assumed that reverse absorption 
of the dye, which always occurred in small quantities in the subembryonic cavity, took place here, Like the 
placenta, the cellular trophoblast of the periplacental area did not contain dye granules, 


In the yolk-sac epithelium, slight diffuse staining was observed, Large light vacuoles, which we observed 


in some cells of the yolk-sac entoderm, stained especially intensively, 


Small amounts of indigo carmine could be seen in the epithelium of the uriniferous tubules of the em- 
bryo’s kidneys under the microscope, The dye accumulation in the embryo's kidneys, however, cannot even be 
compared with the amount that takes place in the placenta or kidneys of an adult animal when the same in- 
digo carmine is administered to it, If the indigo carmine injection was carried out without injuring the amnio- 
tic membrane, an insignificant amount of indigo carmine was only occasionally found in the amniotic cavity, 
We were convinced that this staining was caused by some errors of injection and not at all by the excretory 
activity of the embryo’s kidneys, 


Thus, the excretion of dye occurs in the chorionic syncytiotrophoblast in the central lobes of the placenta 
and, apparently, to some extent in the yolk-sac epithelium, 


The determination of urea in the tissues of the allantoic and yolk-sac placenta which we carried out, 
showedthatthe localization of this excretory product differs somewhat from the localization of the granules of 
indigo carmine, 


Urea was found in the placenta and kidneys of the embryo by the xanthydrol reaction (Shtyubel’s method), 
based on the formation of the very typical crystals of dixanthylurea in the tissues in the presence of urea, The 
observations were carried out on rats and rabbits and, as in the preceding series of experiments, during the second 
half of pregnancy, when both the yolk-sac and allantoic placentas were functioning, After the animal was killed, 
a solution of xanthydrol was injected in the blood vessels of the umbilical cord and of the embryo and then small 
pieces of the extraembryonic organs and the kidneys were immersed in the same fixing fluid, The sections were 
dyed with Mayer's hematoxylin, 


The typical greenish-yellow clumps of dixanthylurea crystals were found only in the chorionic syncytio- 
trophoblast in the central part of the rat's placenta (in the central parts of the placental lobes in the rabbit). 
In other sections of the allantoic placenta and in the yolk-sac placenta, urea was not evident, In the chorionic 
syncytiotrophoblast large clumps of dixanthylurea were localized in various areas of its cytopiasm. 


For comparison, we determined urea by the same xanthydrol reaction in the kidneys of an adult animal 
whose embryos were taken for investigation, Here clumps of dixanthylurea were found as invariably and in 
addition, in amounts larger than in the placenta, 


Urea in very insignificant amounts was found on the surface (never in the mass) of the amniotic epithe- 
lium, 


Thus, undoubtedly, urea is contained in the amniotic fluid but, apparently, in much smaller amounts 
than in the allantoic placenta, In studying serial sections of the embryonic kidneys, prepared according to 
Shtyubel, under a microscope, we conld note only individual, very rare, clumps of dixanthylurea, In the great 
majority of sections they were not found, It is therefore possible that a small amount of urea is excreted by 
the kidneys of the embryo into the amniotic fluid, At the same time, it is apparent that this method of excre- 
tion has no significance at all and the embryonic kidneys cannot be regarded as an excretory organ of the em- 
bryos of animals with hemochorial placentation, 
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Correlation of the data of histochemical analysis and the results of experiments with the administration 
of dye into the embryo's blood leaves no doubt that the basic excretory organ of the embryo in the second half 
of pregnancy is the allantoic hemochorial placenta, To be exact, excretion of the embryo’s metabolic pro- 
ducts occurs in the chorionic syncytiotrophoblast, Taking into account the fact that, in the chorionic syncytio- 
trophoblast, treatment and secretion of some nutritive substances occur from mother to embryo at the same time, 
the conclusion should be made that bilateral secretion is a property of the chorionic syncytiotrophoblast, In 
this connection, the investigations of Yu, B. Pailodze and B, I, Kopaleishvili [1], who, studying the blood nitro- 
gen of the newborn and of the umbilicus, reached the conclusion that urea is synthesized in the human placenta, 
should be mentioned in this connection, The problem of the role of the yolk-sac placenta, which functions for 
a long time in rodents and some other mammals, has special interest, On the basis of our data, the thought can 
be expressed strictly speculatively that the yolk-sac placenta takes some part in the excretion of nonureal 
metabolic products, 


SUMMARY 


In the experiments on rabbits and white rats it has been shown that the dye (indigo carmine injected into 
the blood of an embryo) is secreted by the syncytiotrophoblast of the chorion of the placenta into the blood of the 
maternal organism, Indigo carmine has been also found in the epithelium of the vitalline placenta which 
functions for a long period of time in rodents, By means of the xanthydrol reaction crystals of the dixanthylurea 
were always found in the chorionic syncitiotrophoblast, The author draws the conclusion that it is chiefly the 
chorionic syncitiotrophoblast which performs the excretion of the metabolic products of the embryo, 


LITERATURE CITED 
{1} Yu. B. Pailodze and B, I. Kopaleishvili, Byull. Eksptl, Biol, i Med., 1943, vol, 16, issue 6, No, 12, 


pp 45-48, 


{2] R. Chambers and R, Kempton, J. Cellular Comp. Physiol., 1933, 3, p. 131. 
[3] A. Gasserow, Arch, Gynakol, 1878, vol. 13, pp. 56-72. 


[4] A. Kreidl and S, Mandls, Zentr. Physiol., 1903, vol. 17, No. 11, p. 281. 


(5) G. B, Wislocki, Bull, Johns Hopkins Hosp,, 1921, vol. 32, pp, 93-96, 


* In Russian, 


> 
“a 
ves, 
4 
4 
ag 
4 
> 
* 
121 


NEW METHODS 


FLAT THERM OPILE 


M, E, Marshak 

a From the Laboratory of Physiology and Pathology of Respiration and Blood Circulation of the In- 
, a stitute of Normal and Pathological Physiology (Director— Active Member of the Academy of Med- 

s ical Sciences of the USSR,V. N. Chernigovsky) of the Academy of Medical Sciences of the USSR, 


Moscow 


(Received September 10, 1955, Submitted by Active Member of the Academy of Medical 
Sciences of the USSR,V. N, Chernigovsky) 


We built a flat thermopile to register changes in the blood supply to the surface of organs (dura and 
pia mater, myocardium, kidney, etc,) according to the principle of the thermopiles of Noyons, Vestenrik and 
Engbled, for the bloodless determination of fluctuations in the volume flow of the bloodin blood vessels. A 


diagram of the thermopile is shown in Fig. 1, The case for the thermopile is made of plexiglass in the shape 
of a thin disk (0,7 mm in thickness, 9 mm in diameter), to the rear surface of which is fastened a cylindrical 
rf box (6 mm in diameter, 3,0 mm high, with a wall thickness of 0,7 mm), 


Below the surface of the disk,two thermocouples, 
1,2 (copper— constantan) of a differential thermopile 


project( Fig. 1). One of these thermocouples touches 
x ' a thin nichrome plate 3, which also projects above the 
=e surface of the disk, The wires leading to the thermo- 


couples and nichrome plate are immersed in the cylin- 
drical box, which is then filled with plexiglass, 


. The nichrome plate is heated with electric current 
4 from the battery 7, The amperage is regulated with a 


Fig. 1, Diagram of the flat thermopile; 

1,2) thermocouples; 3) nichrome plate; 4) millam - 
meter for determining the amperage heating the 
nichromne plate; 5) galvanometer; 6) rheostat; 7) 
battery, 


rheostat 6 under the control of a milliammeter 4 (200- 
400 ma), As a result of heating the nichrome plate, 
heat is transferred from it to the thermocouple connec- 
ted with it and, thanks to the difference in temperature, 
a thermoelectric current develops between thermocou- 
ples 1 and 2, The amount of thermoelectric cwrent is 
determined by the indications of a galvanometer 5, with 
which the thermopile is connected, 


Under otherwise cqual conditions, the temperature 
of thermocouple 1 depends on the amount of blood flow- 
ing below it, The more blood flows, the more it is 
cooled, the less difference there is between the tempera- 
tures of thermocouples 1 and 2 and the less thermoelec- 
tric current is developed, Therefore the changes in the 
volume flow of the blood in the area of thermocouple 1 
can be judged by the indication of the galvanometer 
(usually registered on a photokymograph). 
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Fig. 2, Simultaneous registration of the volume flow of the blood in the coronary 
artery (1) and blood supply to the surface of the myocardium (with the flat thermo- 
pile) (2); curve 3— pneumogram, Distention of the small intestine between the two 


vertical lines, 


For convenience in fastening the thermopile to an organ, the disk is supplied with holes for silk threads, 


In a number of experiments, simultaneous registration was carried out (on two galvanometers) of changes 
in the blood flow through the coronary artery with Noyons’ thermopile and of the blood supply of the surface of 
the heart with the flat thermopile, As is seen in Fig, 2, the indications of both thermopiles coincided, The 
flat thermopile has been used many times successfully by us to register changes in the blood supply to the dura 
and pia mater, 8% formalin can be especially recommended, With this fixative, tissue shrinkage is insignificant 
and the most delicate acid mucopolysaccharide structures are clearly stained, 


SUMMARY 


A flat thermopile constructed according to the principle of the electrode of Noyons to register changes 
in blood circulation on the surface of organs (hard and soft meninges, myocardium, kidneys, etc.) is described, 


Curves of the simultaneous registration of blood flow changes in coronary artery by Noyons thermopile 
and those of the simultaneous registration of blood supply of the heart surface by the flat thermopile are shown, 
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2 NEW MODIFICATION OF THE SALIVA COLLECTING CAPSULE a 


V. L. Tsaturov 


From the Laboratory of Physiology and Pathology of Higher Nervous Activity (Head— Doctor of Bio- 
logical Sciences E, A, Yakovleva) of the Institute of Normal and Pathological Physiology (Director— 
Active Member of the Academy of Medical Sciences of the USSR, Professor V, N., Chernigovsky) of 

the Academy of Medical Sciences of the USSR, Moscow 


(Received February 6, 1956, Submitted by Active Member of the Academy of Medical 
Sciences of the USSR,V. N, Chemigovsky) 


Leshli suggested a special capsule to register the salivation during investigation of the secretory activity 
of the human glands, Independently of him, N, I. Krasnogorsky and A, A, Yushchenko created another, impro- 
ved capsule, Later the construction of the capsule changed and was perfected by a number of authors, However, 


a even the latest model described, as all the preceding ones, has the substantial defect consisting of the necessity 
of using a suction apparatus (bulb, pump) to attach the capsule over the orifice of the salivary duct, The suc- A i 
7 tion mechanism requires the supply of an additional suction tube to the capsule through the oral cavity, This 4 + 
complicates the entire saliva-collecting system and introduces excess moments of irritation, oe 


A more perfected modification of the saliva capsule, which avoids the installation of a suction mech- 


anism, is described below. 


The usual capsule (Fig. 1) consists of two cups; the inner 4 and outer 3, The inner cup, which communi- 
cates with the orifice of the duct, serves to collect and bring out saliva, The outer cup, in which a vacuum is 
created with a suction bulb or vacuum pump, serves to attach and hold the entire capsule over the orifice of the 
salivary duct, 


In the capsule we worked out (Fig. 2), the outer cup 4 is blind, but its bottom is replaced by a rubber 
membrane 3, with the help of which the capsule is attached over the salivary duct, For greater security of 
attachment, the space between the two cups of the capsule is filled with water, By pressing the index finger 
on the rubber membrane, the water is pressed out of the space between the cups and, pressing the open side of 
the capsule over the orifice of the salivary duct, the finger is released, Membrane 3 strives to recover its ori- 
the capsule becomes attached to the mucosa surrounding the ori- 


ginal position, a vacuum is created in cup 5 
fice of the duct, 


The rubber membrane can be replaced by a hemisphere of another resilient material (for example, poly- 
ethylene or celluloid), 


In Fig, 3 is shown the structure of our capsule, The capsule is prepared of organic glass, It consists of 
the following detail (see Fig. 3); a cylinder divided in half by a barrier, a rubber membrane 9, constricting 

ring 7 for fastening the membrane, vinyl chloride tube 6 (E), to draw out the saliva, and tube 10 which supplies 
the stimulating agents, 


Tube 10 is held in collar 8, which is glued to the constricting ring 7, 


Openings 5, communicating with space 1 were drilled in the wall 4 of the capsule along the entire cir- 
cumference, The space represented by cavity 1 and the openings 5 is filled with water, 
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Fig. 1. Diagram of Leshli— Krasnogorsky‘s capsule, Fig. 2. Diagram of the new capsule, 
1) suction; 2) saliva outict tube; 3) outer cup; 4) 1) saliva outlet tube; 2) rubber nembrane in original 


inner cup; &) mucosa; 6) salivary duct, position; 3) rubber membrane in working position; 4) 
outer cup; 5) inner cup; 6) mucosa; 7) salivary duct, 


7 
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Fig. 3. Construction of the new capsule, 

a) front view; b) cross section; 1) suction cavity, 2) saliva- 
collecting cavity; 3) bettom; 4) wall; 5) opening for suction 
on the mucosa; 6) saliva outlet tube; 7) constricting ring; 8) 
fastening for tube supplying stimulants; 9) rubber membrane; 


10) tube to supply stimulants, 


In several tests of the capsule, it was established that it is not detached from the mucosa during a 2-3 


hour period, 
By changing the shape of the capsule corespondingly, it can be used to remove saliva from the duct of 


the sublingual gland, 


4. 

a 

‘ad 

8 
5 
5-0- 
S | 

Q 9 

125 


SUMMARY 


A modified saliva-collecting capsule used without an accessory device to hold the capsule to the orifice 
of salivary duct is described. Suction occurs due to the rubber membrane on the back of the capsule. 
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ON HISTOCHEMICAL METHODS OF DETERMINING ACID 


MUCOPOLYSACCHARIDES 


V. V. Vinogradov and L, P, Cheremnykh 


From the Chair of Histology and Embryology (Head~M, Ya, Subbotin) of the Novosibirsk 
Medical Institute 


(Received January 7, 1956, Submitted by Active Member of the Academy of Medical 
Sciences of the USSR,Professor S, E, Severin) 


Several methods have been suggested for the histochemical determination of acid mucopolysaccharides, 
Among them are ; Hell's method with colloidal iron- acetate reagent, staining with toluidine blue or thionine, 
staining with acid fuchsin chloride (Schiff*s reagent) after prelimanary acidification with periodic acid or lead 
triacetate, All these reactions are of a group nature and are not specific for individual acid mucopolysaccha- 
rides [ 1,2,3,4,5]. However, with parallel enzymatic control (for example, hyaluronidase), the enumerated re- 
actions can be considered sufficiently specific for the determination of certain mucopol ysaccharides (for example, 
hyaluronic acid), 


In practice, a number of difficulties arise in using these methods, especially Hell's method, We deter- 
mined hyaluronic acid in the tissues of the placenta and umbilicus of man and animals and during the work we 
modified Hell's method somewhat, which permitted the detection of acid mucopolysaccharides with greater 
coinpleteness and accuracy, Hell's method is based on the detection of acid mucopolysaccharides by a color 
reaction forming Prussian blue from the colloidal iron adsorbed by the mucopolysaccharide and potassium ferro- 
cyanide, We were convinced that the most important factor in determining the success of the reaction is the 
quality of the colloidal iron acetate reagent. Descriptions of the method in textbooks [1] do not indicate how 
the colloidal iron hydroxide is obtained, what proportions of the reagents should be used to obtain a workable 
solution, Undoubtedly, in each case, the optimum proportions of the solutions must be found experimentally, 
depending on the fixing and preparation of the material, We recommend iron acetate reagent, obtained in the 
following manner, as one of the most useful reagents (using the fixing method of Carnoy and some others, using 
8% formalin containing 1-4% basic lead acetate or 0,5% acetic acid which was accepted for this method), 


The original material is 10% iron chloride solution, Iron chloride solution is added by drops to boiling 
distilled water in order to obtain colloidal iron hydroxide, The best results were obtained when 8 to 12 ml of 
iron chloride solution were added to 100 ml of water, Attention should be paid to the careful elimination of 
hydrochloric acid from the solution by dialysis, which is best carried out in a hot water bath, changing the dis- 
tilled water often, 


Prepared cooled colloidal hydroxide mixed with a two molar solution of acetic acid in equal amounts is ’ 
recommended for obtaining a workabie solution, However, we were convinced that the clearest color reaction 
was obtained when the hydroxide was mixed with acetic acid in the proportion of 3; 1 or 2:1, The time for 
treating the preparation with iron acetate reagent and also with the potassium ferrocyanide should be increased 
from 10 minutes (as Hell recommends) to 20-25 minutes, It is best to wash the iron acetate reagent not in dis- ary 
tilled water, but in a two molar solution of acetic acid, This gives a clearer and purer color, The brightness 
of the color depends not only on the quality of the iron acetate reagent, but also on the purity and freshness of 


the potassium ferrocyanide solution, 
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Waterless fixing fluids are recommended for the determination of acid mucopolysaccharides by Hell's 
method and, in particular, Carnoy's fluid, However, when they are used, the acid mucopolysaccharides are not 
detennined completely; the tender delicate, fine structures remain undetermined as a result of the consider: 
able shrinkage of the tissues, A metachromatic reaction is clearly evident in the umbilical arteries on dyeing 
with toluidine blue, which is typically localized, while in preparations which were fixed with Carnoy’s fluid, 
acid polysaccharides cannot be found in the wall of the umbilical arteries by Hell's method, Thus, in order to 
determine acid mucopolysaccharides completely enough histochemically, Carnoy's fixing fluid should be re~ 
jected as the fixative. We obtained considerably fuller determination of acid mucopolysaccharides by Hell's 
method after fixing in a 4% solution of basic lead acetate over 8% formalin, Thus, using this fixative, we ob- 
tained complete correlation of the results of staining by both methods, 


For determining acid mucopolysaccharides in embryonic tissues which are high in water, a 1% solution 
of basic lead acetate or 0,5% solution of acetic acid over 8% formalin can be especially recommended, With 
this fixative, tissue shrinkage is insignificant and the most delicate acid mucopolysaccharide structures are clear - 
ly stained, 


SUMMARY 


For a most complete histochemical detection of acid mucopolysaccharides a following modification of 
Hell's method is recommended: 


1. In order to obtain a colloidal ferric hydroxide, 8-12 mg of 10% solution of ferric chloride should be 
added in drops to 100 mg of boiling distilled water, 


2. Dialyzed colloidal ferric hydroxide is mixed with 2 M acetic acid in proportion 3:1 or 2:1. 


3, The period of action of ferric acetate and solution of ferricyanide upon the preparation is increased 
to 20-25 minutes, 


4, Material in 1-4% solution of basic lead acetate (or in 0.5% solution of acetic acid) is fixed over 8% 
formalin 
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